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ABSTRACT 
Mammalian pregnancy appears to contradict the laws of transplantation, because the 
allogeneic fetus, which may be considered to be an allograft, is maintained successfully in 
a potentially hostile environment during gestation. This thesis elaborates studies on certain 
aspects of placental immunobiology, performed to better understand the mechanisms 
responsible for the almost invariable success of the fetal allograft. 

Since most of the fetal-maternal transactions occur at the fetal-maternal 
interface, Le. in the placenta, we investigated the expression of paternally—derived major 
histocompatibility complex (MHC) antigens in the allogeneic placenta. Using an /n vivo 
approach, we demonstrated the presence of paternally—inherited H-2K and H-2D (Class 
l) antigens on the placenta. These antigens are directly exposed to maternal circulation and 
fetectomy studies showed that these antigens originate in the placenta, at least after day 
11 of gestation. Autoradiography studies showed that paternal Class | antigens are 
expressed by spongiotrophoblast cells in the spongy zone of the placenta, in contact 
with maternal decidual cells and by cells in the endodermal sinuses. The placenta appears 
to be lacking in paternal I-A (Class Il) antigens. It is our hypothesis that the lack of 
cell-mediated anti-fetal immunity during pregnancy may be explained by the 
configuration of paternal alloantigens on the placenta - the expression of paternal Class | 
antigens and the absence of Class Il antigens. 

Several studies have documented that humoral anti- fetal MHC antibodies are 
generated during pregnancy and the fetus survives despite these antibodies. We have 
demonstrated that the murine placenta serves as an immunoabsorbent sponge by 
absorbing anti-fetal H-2 antibodies from maternal blood, thereby preventing these 
antibodies from reaching the fetus. The fact that the presence of anti-fetal H-2 
antibodies does not compromise pregnancy may be attributed to the immunoabsorbent 
capability of the placenta. Turnover kinetic studies confirmed that the placenta is capable 
of re-expressing it's paternal H-2 antigens after binding anti-H-2 antibodies /n vivo. We 
followed the fate of the absorbed anti-H-2 antibodies and found that these antibodies 
are degraded by the placenta and are then released into the circulation. 

All these findings together substantiate the idea that the placenta plays a crucial 


role in the immunoprotection of the fetus. 
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PREFACE 
Parts of the work described in this thesis have been published in the /Journa/ of 


/mmunology and the Journal of Reproductive /mmuno/ogy. 
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l. INTRODUCTION 

In outbred mammalian populations, a significant immunologic contradiction exists during 
pregnancy. The uterus of the mother harbors a genetically dissimilar conceptus, which is 
essentially an allograft. Yet the fetus almost invariably survives, unharmed by the maternal 
immune system. The mechanisms underlying the enigmatic survival of the fetal allograft 
have been one of the preoccupations of reproductive immunologists for about three 
decades. 

The objective of this chapter is to review the literature pertaining to 
maternal—fetal immunology and especially to my research. This work essentially deals 
with the role of the placenta in maternal—fetal interactions. Therefore this and other 


related aspects will form the major focus of this chapter. 


A. Transplantation Biology 

At the turn of this century, biologists interested in cancer research, were seeking 
to prolong the life of experimental tumors by transplanting neoplastic tissue from one 
animal to another. Only a few of the tumors survived for prolonged periods of time while 
and most were rejected; the conditions under which this occured were not known. The 
advent of inbred stocks of mice, introduced by Jensen (1903) helped in understanding 
this phenomenon. It was observed that transplanted tumors grew well in inbred strains of 
mice, only if the tumor transplant was made between members of the same strain. If 
tumors of other mice were transplanted to mice of the inbred strain, they were rapidly 
rejected (Loeb, 1908; Tyzzer, 1909). Thus the importance of strains” in susceptibility to 
tumor transplants was realized and a genetic control of tissue transplantability was 
suggested. Haldane (1933) was the first to suggest that acceptance or rejection of these 
tumor grafts might have an immunological basis. He also postulated that the immunity was 
directed at alloantigens on the graft rather than at tumor-specific antigens. He predicted 
that similar antigenic differences exist in other tissues and that the alloantigens induce an 
immune response in hosts lacking them. Gorer (1938) provided evidence for the 
immunological nature of resistance to tumor transplants by showing that rejection of a 


tumor is accompanied by the production of alloantibodies and also demonstrated that the 
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genes for susceptibility to tumor transplants were identical with genes coding for 
alloantigens. Gorer (1938) put forward an immunological theory of transplantation by 
stating that "iso—antigenic factors present in the grafted tissue and absent in the host, are 
capable of eliciting a response which results in the destruction of the graft’. 

The second major series of elegant experiments which linked the rejection of 
transplants to immunoreactivity came from the work of Medawar and his colleagues. The 
development of the rejection reaction and the resultant state of immunologically specific 
memory, was shown to.be systemic in nature (Medawar, 1944). This was followed by 
intensive search for the immunologic factors involved in transplant rejection. Even though 
humoral antibodies were frequently found in recipients that rejected normal tissue 
allografts (Amos et a/, 1954), it was gradually realized that the humoral antibody 
response was not the full explanation of graft rejection. In a classical adoptive transfer 
experiment, Mitchison (1953) demonstrated that rejection of tissue grafts was mediated 
by and could be passively transferred with, lymphocytes. Antibodies and cell-mediated 
mechanisms both play a role in the rejection of allografts and the relative role of each 
mechanism depends on the grafted tissue and the species, strain and state of immunity of 
the host. 

The sequence of events leading to graft rejection is not absolutely clear. Host 
lymphocytes may enter the graft, become triggered by donor antigens and attract other 
cells to the graft site. Alternatively, donor lymphocytes from the graft may enter the host 
circulation, get trapped in the draining lymph node and may then stimulate host immune 
responses in the node. Sensitized host lymphocytes may then enter the graft site; 
lymphocytes begin to attack graft cells, and gradually the connections between donor and 
host vessels degenerate. The graft becomes indurated and separates from the graft bed. 

In summary, syngeneic grafts are accepted and allogeneic grafts are rejected. In 
the context of transplantation immunobiology, the immunological problem of pregnancy 
was elaborated and addressed for the first time by Medawar in 1953. He asked : “How 
does the pregnant mother contrive to nourish within itself, for many weeks or months, a 
fetus that is an antigenically foreign body?” This question has continued to intrigue many 
workers in this area and has yet to be unequivocally resolved. In outbred populations, the 


fetus is almost invariably semiallogeneic to the mother. Allogeneic and semiallogeneic 
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grafts differing at the MHC haplotype, are rejected, yet the allogeneic fetus appears to 
defy the laws of transplantation. The major hypotheses that have been put forth to 
explain how the fetal allograft may evade maternal rejection are : 

(1) The pregnant uterus is an immunologically privileged site. Grafts to this site are 
shielded from the maternal immune system. 

(2) The embryo is “antigenically immature’, that is, it does not express transplantation 
antigens at the cell surface. 

(3) The maternal response to immunogens on the conceptus is weakened or suppressed 
either specifically or non-specifically. 

(4) The developing embryo is shielded from maternal immune responses by 
extraembryonic layers, notably the trophoblast. (Medawar, 1953; Billingham, 1964; Edidin, 
1S77}: 

Innumerable experiments have been performed during the last two decades in attempts 
to substantiate or disprove each of these models. Before entering into a discussion of 
these models and their relevance, we may now briefly outline the development of the 


embryo and the placenta. 


B. Embryogenesis and Placentation 

The embryo begins as an egg which becomes fertilized in the upper part of the fallopian 
tube by a single sperm, resulting in the formation of a zygote. Fertilization is followed by 
a series of mitotic cleavages, the first cleavage taking place approximately twenty four 
hours after fertilization. Cleavage of zygotes results in the formation of progressively 
smaller cells, called blastomeres. By the third day after fertilization the embryo develops 
into a clustered group of eight or more cells, the morula, held together and protected by 
the zona pellucida, which is an acellular membranous sheath. Early on the fourth day of 
development, the morula arrives in the uterus via the oviduct where the zona pellucida 
disappears within twelve hours. The morula becomes converted into a unilaminar 
blastocyst by a process called cavitation. Cavitation is the development of a split between 
the outer and inner layer of cells which spreads in all directions until it has detached the 
surface cells from the inner cells everywhere but at the boundaries of the inner cell mass 


(ICM). The blastocyst therefore consists of an outer rim of extra-embryonic 
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trophectoderm cells, containing a cluster of undifferentiated embryonic protodermal 
cells of the ICM protruding into the blastocoele cavity. The ICM eventually develops into 
the fetus and the trophectoderm develops into extraembryonic tissues. 

The blastocyst establishes contact with uterine mucosa by the fifth day of murine 
gestation by a process called implantation. Trophoblast cells insert narrow processes 
which squeeze through the uterine epithelial layer and penetrate the basement membranes 
of the uterine epithelium, finally coming to rest with decidual cells. Decidual cells are 
supposed to be uterine stromal fibroblasts which are transformed as a result of 
blastocyst attachment. Decidual cells are arranged as a solid mass of epitheloid cells 
forming an implantation chamber at the site of implantation. The mural trophoblast cells 
surrounding the blastocoele enlarge and are transformed into primary giant cells which 
function as an anchoring structure during the early stages of implantation (Billington, 
1975). The polar trophoblast cells overlying the ICM remain unchanged and diploid, and 
give rise to a conical mass of cells, the ectoplacental cone (EPC). The EPC is composed 
of a group of highly invasive proliferative core of diploid cells and an outer layer of 
polyploid, secondary giant cells (Rossant and Papaionnou, 1977). The secondary giant 
cells migrate outwards to lie at the margins of the developing placenta and downwards to 
surround the early embryo. The proliferative center of the EPC differentiates to give rise 
to the the main trophoblastic components of the definitive murine placenta (Billington, 
1975). The word placenta (meaning "flat cake’) is applicable to any combination of 
embryonic and maternal tissues, which serves as the medium of physiological 
interchanges between the mother and fetus (Hendricks and Houston, 1970). 

The functional attachment of the placenta to the uterus is in the shape of a round 
or oval disc in rodents and in primates, and the placenta is therefore described as being 
discoid. The placenta appears to have three main functions in maintaining pregnancy; 
these include transport of inorganic substances, gases, water, organic nutrients and 
metabolic wastes, the storage of lipids, vitamins, hormones and metabolism of glycogen, 
amino acids and lipids required for the embryo, and the biosynthesis of steroids and 
gonadotropins. 

The placenta is made up of three trophoblastic cell types. These are: 


(i) the spongiotrophoblast, which abuts uterine decidual tissues intimately and is about 
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three or four cell layers in thickness, 

(ii) trophoblastic giant cells, which lie at the maternal boundary of the spongiotrophoblast 
and 

(iii) the labyrinthine trophoblast which is the region where the main maternal blood flow 
occurs (Figure 1). 

The labyrinthine trophoblast is trilaminar; the outer layer is cellular and is bathed by 
maternal blood in the placental sinuses and the two inner layers are apparently syncytial 
(Enders, 1965). The labyrinthine trophoblast region is vascularized by fetal blood vessels 
while the spongy region is not. Maternal capillaries in both regions end in blood sinuses. 
These sinuses are lined by the three layers of the murine trophoblast which separate the 
two blood streams. The outermost of the trophoblast layers form the walls of the 
maternal blood sinuses while the innermost cells rest upon a basement membrane which 
intervenes between the chorionic epithelium and the fetal capillaries (Amoroso, 1964) 
(Figure 2). Thus in all mammalian species the trophoblast is the only fetal element of the 
placenta that remains in direct and continuous contact with the maternal tissues, either 
maternal decidual cells or maternal blood. The placenta in rodents and primates is 
classified as being hemochorial indicating that there is a very close association of 
maternal and fetal tissues and that maternal blood bathes the trophoblast directly (Figure 
2). 

The organization of the human placenta is somewhat different. After implantation, 
the trophectoderm of the human blastocyst gives rise to two basic forms of trophoblast 
— an inner cellular cytotrophoblast and an outer syncytiotrophoblast which is formed by 
the fusion of cell membranes to build a syncytium with the resulting nuclei scattered 
through a continuous cytoplasm. The cytotrophoblast pushes through the 
syncytiotrophoblast and forms villi which develop intimately with an outer syncytial 
covering and an underlying cytotrophobiast layer. Thus, in the human placenta, the villous 
syncytium is bathed in maternal blood and the cytotrophoblast is in contact with uterine 
decidual tissue. The chorionic membrane, composed mainly of a layer of cytotrophoblast 
cells, surrounds the remainder of the conceptus after the main placental region is 


established (Billington, 1975). 
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Figure 1 — Diagrammatic representation of the conceptus depicting the decidua, 
spongiotrophoblast and labyrinthine trophoblast regions of the murine placenta in relation 
to the embryo. (Adapted from Rugh, 1968) 
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Figure 2 — Anatomical structure of the hemochorial placenta. (Adapted from Gill and 


Repetti, 1979). 
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In the meanwhile, during placentation and later, each of the three germ layers in 
the murine and human embryo develop into smaller groups of cells which are destined to 
form a certain organ or organ system — a process called organogenesis. During 
organogenesis, the shape and size of the embryo changes. There is an increase in cell 
number and cell size which enables the animals to gradually achieve the size of its 
parents. The murine gestation period ranges between 18 and 21 days. 

We may now consider the different mechanisms which have been suggested as 


being responsible for the success of the fetal allograft. 


C. The Uterus as an Immunologically Privileged Site 

Medawar (1953) suggested that the pregnant uterus may serve as an 
immunologically privileged site, protecting the fetus by bringing about a delay in either the 
recognition of the fetus as foreign, or by preventing the entry of maternal humoral and 
cellular effectors into the fetus. 

Tissues transplanted into a number of specialized sites like the brain, the anterior 
chamber of the eye and the hamster's cheek pouch, survive for extended periods of 
time. This immunological privilege is due to a lack of vascular supply or drainage which 
prevents the immediate recognition of foreign antigens in the grafted tissue by the 
immune system of the host (Billingham and Silvers, 1964). The privileged status of the 
hamster's cheek pouch is similarly attributed to a lack of lymphatics connecting this site 
to the regional lymph nodes, with a consequent lack of transport of antigenic material to 
the lymph nodes and likewise of sensitized T cells to the cheek pouch. It has been 
suggested that the fetal allograft may enjoy a similar privilege in the uterus, wherein the 
afferent and/or the efferent limb of the immune response arc may be blocked (Barker 
and Billingham, 197 1). 

Physiologic or immunologic modifications occuring in the uterus during pregnancy 
may result in some sort of protection being afforded to the developing fetus (Beer and 
Billingham, 1976). Initially, Beer and Billingham (197 1) had established that 
histoincompatible skin cylinders were able to heal in effectively onto the uterine mucosa 
of non-pregnant females, but were rejected as quickly as if they had been transplanted 


to a more conventional site; therefore the uterus appears to be immunologically 
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competent. However, skin allografts enjoyed extended survival within a pregnant uterus, 
as opposed to orthotopic skin grafts. Similarly, lymphocytes injected into the uterus of 
non-pregnant mice, can elicit systemic responses leading to an accelerated rejection of 
skin grafts; however, female mice are not sensitized by intra-uterine injections of 
lymphocytes during pregnancy, suggesting that physiologic or immunologic modifications 
occuring in the uterus as a result of pregnancy, may in some way protect the developing 
fetus (Beer and Billingham, 1971). Further studies by Beer and Billingham (1974) provided 
evidence for the thesis that increased hospitality afforded to skin allografts healed in on 
decidual tissue in non-sensitized hosts was due in part to an afferent, and not efferent, 
blockade of the draining uterine lymphatic vessels. This conclusion was based on the 
finding that the skin allografts in the uterus were promptly rejected when the animals 
were adoptively given specifically immune lymphoid cells. These findings cumulatively 
suggest a possible crippling of the effector arm of the immune response arc. 
Furthermore, decidual cells may cause this afferent blockade but these cells do not seem 
capable of blocking the efferent limb of the uterine immune aehlent arc (Beer and 
Billingham, 1974). Allogeneic embryos appear to be protected when transplanted into the 
uterus, but are rejected when transplanted into ectopic sites in experimentally immunized 
female mice (Kirby et a/, 1966). Blastocysts from C57BI x C57BI matings were 
transplanted to the kidneys and to the pseudopregnant uterus of specifically 
hyperimmunized C3H mice. All the transplants to the kidney failed to grow, although 
control grafts of isologous blastocysts to the uterine site implanted and developed to 
term. Kirby et a/ (1966) interpreted these results as evidence for the role played by 
decidua! cells in protecting the blastocysts from maternal effector mechanisms. 

The maternal immune system is often sensitized to fetal antigens during 
pregnancy, but the induction of such immune effectors during pregnancy, and 
experimental sensitization of the maternal immune system does not seem to compromise 
pregnancy (Beer and Billingham, 1976). The argument for an involvement of decidual cells 
in protecting the conceptus by rendering the uterus refractory to immunologic attack is 
strong, but this question has yet to be resolved conclusively. Decidual tissue is 
vascularized and is permeated by lymphatic vessels, hence the uterus is unlike the 


anterior chamber of the brain or the hamster cheek pouch, which are classical examples 
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of immunologically privileged sites. Thus it would be fair to conclude that while the 
maternal immune system can be sensitized via the intrauterine route, the induction of a 
graft rejection reaction is probably modified by anatomic, physiologic or immunologic 


characterisitics (Beer and Billingham, 1976). 


D. Antigenicity of the Embryo and Placenta 

Little (1924) suggested that the embryo does not develop it’s individual antigenic 
characteristics until relatively late in gestation, thereby preventing the stimulation of an 
effective maternal immune reaction, or the destruction of embryonic or fetal tissues by 
any pre-existing immunity. This hypothesis was also extended by Medawar (1953) who 
suggested that rats and mice are in an embryological sense relatively immature at birth 
and that this embryonic immaturity may be reflected as hypoantigenicity of the embryo. 
Ingenious as this model is, it has been challenged by investigations that have clearly 
demonstrated “foreign” antigens on both embryonic and extra-embryonic tissues. 

A proportion of primiparous and a higher proportion of multiparous females of a 
variety of species manifest immune responses directed at fetal and placental antigens 
indicating the presence of antigens foreign to the mother, in the conceptus. This however 
does not provide any insight into the actual tissues — fetal or placental — which evoke 
such responses in the mother. Direct investigations into the antigenicity of embryonic 
tissues have resulted in a firm consensus that the embryo is antigenically mature in some 
respects, and does express antigens that are foreign to the mother. 

Embryonic antigens that may be involved in maternal-fetal interactions can be 
grouped into three categories: 

(i) paternal histocompatibility antigens, 
(ii) tissue-specific antigens, and 


(iii) oncofetal antigens. 
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Histocompatibility Antigens 

The Major Histocompatibility Complex (MHC) is a chromosomal segment that 
codes for polymorphic products that are responsible for the rapid rejection of foreign 
tissue grafts. This complex is designated as the H-2 complex in the mouse and as the 
HLA system in man. The H-2 complex is divided into two classes of loci, Class | 
comprising H-2K, H-2D and H-2L encoding loci while Class Ii consists of I-A and I-E 
encoding loci (Klein et al, 1981). Class | loci differ from Class Il loci in that the former in 
general serve as targets for cytolytic T cells and the latter generally guide regulatory 
(helper and suppressor) T cells (Klein et al, 1981). Two other loci have been supposed to 
be present in the H-2 complex; Klein (1981) suggests that I-J loci may be included after 
confirmation of its relation to the H-2 complex, and the I-E loci may be included after 
confirmation of its existence. Products of the I-A and I-E loci (Class II antigens) are 
involved in a variety of immune recognition and T—B lymphocyte co-operative 
phenomena (Moller, 1976) in graft-versus—host reactions (Klein and Park, 1973) and in 
graft rejection (Klein et a/, 1977). The human HLA-A, -B, -C and —DR genes correspond 
to murine H-2K, H-2D, H-2L and la genes repectively (Strominger, 1980). 

In addition to the MHC antigens, there is another group of antigens, the Minor 
Histocompatibility (MiH) antigens, which differ from the MHC antigens in that allografts 
transplanted to hosts differing in MiH antigens are rejected after substantially longer 
periods of time. 

Several investigators have examined the expression of paternal major and minor 
histocompatibility (H) antigens by the murine embryo and placenta at different stages of 
gestation primarily because of the crucial involvement of these antigens in allograft 
rejection phenomena. The oocyte was initially reported to be devoid of H-2 antigens 
(Billington et a/, 1977); however, Heyner and Hunziker (1979) reported the detection of 
H-2 antigens on oocytes by the indirect immunofluorescence technique. In contrast to 
the finding of Class | antigens, Heyner and Hunziker (1982) were unable to detect Class |! 
MHC antigens on the oocyte using their immunofluorescence assay. 

After fertilization, significant changes occur on the plasma membrane of oocytes 
(Johnson and Edidin, 1978); activation of the embryonic genome occurs very early in 


murine embryonic development, probably immediately after fertilization and certainly 


ft : 


a 
ret inseapee Iymogomanls 8 2 DAN sett 
ngiavat fo nodoeie nee ore rey « 
wit ac Onn saver erin ealarian SH, ort ae wei 
went) ined To eeeetir cy? A spite) eis wt ine 
3-1 bre A~1 to steiner zut sali tit fori gribesie LH ie HF mS 
mi werrot pt quel 1 tool i ageld. ren vearthite isG-i Ma» ‘HERE lete tie y 
YOIGIION SR; Vers eae bAi-dlias Tf oll'yiane ngv psp mare : 
Ot bezogue etd overt inp) setkquows © ieee, ofits egy) ella’ ou . RK 
vette bebwiord od yach ah t-/ far? Steeqube BE. phat: s peta ose yi 
valte beinusn acl jem ied Sl art tte pollard SH erty ShnpGiten 271 tayte 
91% laregitns 4 carta) jodi B-ttrie- al ort hy aSebo aanediains 24) 
Suite -ooatyoarigry! FT, bre! RS ae ag adig-rents, “bey © 
vm dew ECCT. se bem ei erqiinsen land -saptev~thiad cian <. 
troacenos 2eeG FOr one 2- 4 Ar dub meme at (TCR We Jeane 
OBE, caghine cd: ~avaskeey asamp shine k= Go- Ser 
vorul! anit 2nampitrs ter Quaiy writen ghapait ermgtirat Se grit ae 
attengolla It Al shequrs Awe met let hie.cuidw conde Mini Pe 
ehte! Wisinbtece wie berese* os anegias ‘Evin gral Bb ihe 
eatin Koen eget Netra ies Spegundaummatanias nse 
10 seule Dene Hi Ta. ehienalg Grin Sy rating! Sayin some yet aise (Hp 
Fagot atigiemaor: eink 04 buco ne 
srmqiins Soh tpreiawibed ai cotagen yllatiy 254 ofineio BOT & “Qnlariay) 
to nawteleb gr! bahags: CVE) vans Ms waYsH soyvawoR TLE. \e te 
ot earings M sutifelioat Sontor,s ultonuirim exh; eit vs calysoe noe 
228 CaSteb.ot sitar ate (SEO) eM BAG OREM anspitns. 2280) + 
{aan McranaeNQuNTGAUMRE Wart puis atyade grnne enagitnee 
- pang Ws eheodieae. ‘SrteIG stit.ne wane sage’ Hibs Hogia. ere 


rs eeu VN BUDSU-AMENRD aNNDyIERE eH Fo wbgedane UTE) nie 


after two divisions (Solter and Knowles, 1979). 

In contrast to the oocyte, the surface of the two-cell stage embryo was found to 
lack MHC antigens by Heyner et a/ (1980). They suggest that this lack of antigenicity 
might help the embryo elude recognition by the maternal immune system during this 
especially vulnerable stage of development. The eight-cell embryo is also devoid of, or is 
deficient in, H-2 antigens as shown by the cytotoxicity studies of Heyner et a/ (1969). 

Paternal H-2 antigens appear for the first time in the inner cell mass (ICM) of the 
peri-implantation murine blastocysts as demonstrated by immunofluorescence studies 
(Heyner 1973) and by transplantation studies (Patthey and Edidin, 1973). Webb et a/ 
(1977) using sensitive immunoprecipitation techniques, observed that only the ICM of the 
late blastocyst is capable of de novo synthesis of H-2 antigens. Most investigators seem 
to agree that the trophectoderm is devoid of paternal MHC antigens and that only the 
inner cell mass of the late blastocyst expresses H-2 antigens. However, Searle et a/ 
(1976) reported a transient expression of H-2 antigens by the trophectoderm of 
pre-implantation stage blastocysts. These workers used a sensitive immunoperoxidase 
assay and found that the expression of paternal H-2 antigens by the trophectoderm was 
relatively weak; they attributed this positive reactivity to a greater resolution and 
sensitivity of their assay. Hakannson et a/ (1975) used an antiglobin assay to study the 
expression of H-2 antigens on blastocysts undergoing a delay of implantation and 
reported a variable expression of MHC antigens on the trophectoderm. Release from 
delay of implantation resulted in abolishment of H-2 antigen expression on the 
trophectoderm. Similarly, Searle et a/ (1976) reported the lack of these antigens on the 
post—implantation ectoplacental cone (EPC) trophoblast. The expression of MHC antigens 
by the blastocyst trophectoderm is therefore abolished after implantation. 

At implantation, the zona pellucida is shed and the blastocyst attaches to the 
uterine wall which degenerates and then permits the trophectoderm to come into close 
apposition with uterine stroma and maternal blood. Lack of strong transplantation 
antigens on the blastocyst at this stage when maternal and fetal tissues are actually 
juxtaposed for the first time in embryonic life, will conceivably reduce the possibility of 


maternal immune recognition and immunologic attack. 
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Minor Histocompatibility (MiH) antigens have been demonstrated on blastocysts by 
the cytotoxicity assay (Heyner et a/, 1969), by indirect immunofluorescence (Palm et a/, 
1969) and by transplantation experiments (Searle et a/, 1974). Heyner et a/ (1980) 
recently reported the results of immunofluorescence studies performed using 
extensively absorbed antisera; MiH antigens were first detectable on the eight-cell stage 
and subsequently on morulae, blastocysts and blastocyst trophectoderm. One other 
histocompatibility—associated antigen that has been detected on the mouse embryo, is the 
H-Y antigen which is seen on 51% of embryos starting from the 6 to 8-cell stage (Krco 
and Goldberg, 1977). MiH antigens are important in this context because these antigens 
can cumulatively present sufficient alloantigenicity so as to invoke strong 
host-versus~—graft rejection reactions (Graff, 1978); the survival of embryos despite the 
presence of “foreign” MiH antigens is surprising, and may be attributed to a low level 
expression of these antigens (Heyner, 1982). 

The presence of H-2! products on the developing blastocyst has also been 
investigated in a few studies. Jenkinson and Searle (1979) examined the expression of 
allo-la antigens on pre-implantation and early post-implantation embryos and on the 
trophoblast of the definitive placenta, usling an immunoperoxidase assay and were unable 
to detect any paternal la antigens on all the stages of gestation studied. The absence of 
paternal la antigens may be beneficial to embryonic survival, as | region differences 
between the embryo and the mother may stimulate strong cell-mediated reactions 
directed at the fetus. 

To summarize antigen expression during murine pre-implantation development, 
paternally-derived H-2 and la antigens are generally absent from the surface of the early 
embryo and the trophectoderm of the late blastocyst, except perhaps for a transient 
expression just prior to implantation; H-2 antigens are expressed by the ICM of the late 
blastocyst. Minor H antigens are present on the blastocyst apparently throughout 
embryonic development beginning at the morula stage. 

The placenta and the outermost fetal membranes (and not the embryo itself) are 
juxtaposed in intimate and continuous contact with the potentially hostile maternal 
environment; hence, the antigenic status of the definitive placenta and of the trophoblast 


in particular, is of importance. The alloantigenicity of the ectoplacental cone of the 
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post-implantation embryo and the trophoblastic layers of the definitive placenta has been 
investigated by a number of workers. 

The EPC trophoblast has been consistently shown to be devoid of H-2 antigens. 
The early mouse trophoblast does not succumb to specific pre-existing immunity in the 
host (Simmons and Russell, 1967). Allogeneic ectopic transfer of the EPC does not result 
in an inhibition of trophoblastic growth, indicating a complete absence or at least a 
relative intrinsic deficit of MHC antigens on the early trophoblast. Jenkinson and Billington 
(1974) used a cell-mediated cytotoxicity assay to examine the susceptibility of the early 
trophoblast to immune effector cells and they compared the susceptibility of the 
trophoblast with that of other embryonic tissues. Cells of the embryonic sac were killed 
by the effector cells in the cytotoxicity assays while trophoblastic outgrowths were 
unaffected. Jenkinson and Billington (1974) concluded that the 7.5 day EPC trophoblast 
does not express in appropriate form the same target antigens that are recognized on 
the cells of the embryonic sac, by cytotoxic cells. This was further supported by Pavia et 
a/ (1981) who attempted to immunize mice with semiallogeneic EPC trophoblast cells; 
they were unable to generate cytotoxic cells directed against paternal H-2 antigens. Thus, 
there clearly appears to be a consensus regarding the lack of paternal H-2 antigens on 
the EPC trophoblast. Sellens et a/ (1978) conducted mixed hemadsorption studies to 
examine the expression of paternal MHC and MiH antigens on explants from 7.5 day 
EPCs. These studies confirmed the absence of MHC antigens on the EPC trophoblast; 
however, MIH antigens were detectable. Thus paternal minor histocompatibility antigens 
appear to be expressed on the developing zygote and extra-embryonic membranes 
throughout gestation. 

The EPC trophoblast in turn proliferates and differentiates into the definitive 
placental trophoblast consisting of (i) the trophoblastic giant cells in contact with maternal 
decidua, (ii) the spongiotrophoblast also in contact with maternal decidua and maternal 
blood, and (iii) the labyrinthine trophoblast bathed in maternal blood. In contrast to earlier 
trophoblastic stages, the definitive placenta appears to express paternally—derived MHC 
antigens. MHC and MiH antigens were demonstrated on 13 day placental cells by the 
mixed hemadsorption assay (Sellens et a/, 1978). Monolayer cultures were prepared 


from 13-14 day placentas and these cultures analyzed for the presence of paternal H—-2 
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and minor H antigens. All cells were found to express minor H antigens; giant cells 
(identified on the basis of morphologic criteria) were devoid of H-2 antigens. Some 
smaller cells, putative trophoblast cells, expressed low levels of paternal H-2 antigens. 
However, microscopic examination of placental cells in suspension to identify 
trophoblast cells is a questionable approach, hence it is not possible to draw unequivocal 
conclusions as to the precise cell type expressing these antigens. Sellens et a/ (1978) do 
argue however, that since the predominant cell type in short term cultures is 
trophoblastic, the paternal H-2 antigen-bearing cells in their cultures were trophoblastic. 
Jenkinson and Owen (1980) reported studies investigating the expression of 
paternally—inherited H-2 antigens by the two major trophoblastic elements of the 
definitive placenta — the labyrinthine and spongy trophoblasts. The spongiotrophoblast 
layer was trimmed off under a dissecting microscope and putative labyrinthine tissue 
samples were cut out from the embryonic surface. Single cell suspensions were then 
prepared and analyzed for the expression of paternal antigens by a mixed hemadsorption 
assay. These investigators reported low levels of paternal H-2 antigens on the 
spongiotrophoblast (which is not infiltrated by fetal blood and fetal mesenchyme). The 
labyrinthine trophoblast (which contains fetal blood vessels and mesenchyme) appeared 
to be relatively deficient in, or perhaps completely devoid of, paternal H-2 antigens. 
Some cells from the labyrinthine region reacted weakly with anti-H-2 antibodies but 
whether these cells were mesenchymal or trophoblastic in origin was not established. The 
drawback of all the abovementioned approaches is the possibility of contamination of 
one population of cells by another; the spongiotrophoblast layer is about 3 to 4 cells 
thick, hence experimental separation of such minute portions of tissues may never be 
absolute. Furthermore, Jenkinson and Owen (1980) did not establish whether these 
antigens are actually exposed to maternal circulation and this is an important point in the 
context of maternal recognition of fetal antigens. Chatter jee-Hasrouni and Lala (1979) 
have reported the expression of paternal H-2 antigens by trophoblast cells of the 
placenta by employing a quantitative autoradiographic technique to analyze the binding of 
anti-H-2 antisera to placental cell suspensions. These workers used histological criteria 
to identify trophoblast cells among a variety of other placental cells in suspension, and 


the precise identification of trophoblast versus fetal mesenchyme versus decidual cells in 
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dispersed placental cell suspensions is difficult (Beer, 1980). 

Pavia et a/ (1981) examined the ability of trophoblast cells from late gestational 
placentas to induce cellular immune reactivity towards H-2 antigens of paternal strain 
origin. They found that 17 to 20 day placental trophoblast cells are capable of inducing 
specific immunity. However, the /n v/tro generation of cytotoxic effector cells as well as 
a significant proliferative response occured only if /n vivo priming was followed by /n 
v/tro restimulation. In addition, these trophoblast—induced responses were lower in 
comparison to the responses stimulated by adult spleen cells. Pavia et a/ (1979) 
concluded that the level of transplantation antigens on the placental trophoblast is 
relatively low; Chatter jee-Hasrouni and Lala (1979) however have claimed that the density 
of alloantigens on the trophoblast is equivalent to that on adult thymocytes. To resolve 
this discrepancy Pavia et a/ (1981) suggest that these antigens may exist in a form not 
easily recognizable by sensitized lymphoid cells 

Using an /n vivo approach for the first time, Wegmann et a/ (1979a, b) 
demonstrated that the allogeneic murine placenta does express paternally derived H-2 
antigens and that these antigens are accessible to maternal circulation. The presence of 
H-2 antigens was confirmed using monoclonal! antibodies directed against paternal strain 
H-2K determinants. This /7 v/vo procedure consisted of injecting radiolabeled 
anti—paternal strain H-2K antibodies into control and target pregnant mice. Wegmann et 
a/ (1979b) found a substantial difference in the binding of these antibodies to target 
(antigen-bearing) and control placentas. F(ab’), preparations of this antibody behaved in 
the same manner as the intact antibody, confirming the specificity of binding to the 
placenta. This was the first demonstration of paternally derived transplantation antigens, 
actually exposed to maternal circulation in the mouse placenta. They did not specify the 
exact cell types involved in the absorption of anti-paternal antibodies from maternal 
blood. 

In contrast to the expression of paternal H—-2 antigens, the placenta has been 
reported to be devoid of paternally derived la antigens. Jenkinson and Searle (1979) 
conducted immunoperoxidase studies to determine whether anti-la antibodies could bind 
to the placenta; these studies revealed that paternal la antigens are not present on 


trophoblastic tissues obtained from early post-implantation embryos and from definitive 
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placenta. Chatter jee—Hasrouni and Lala (1981) recently examined the presence of paternal 
la antigens on the surface of trophoblast cells by a quantitative autoradiographic 
technique. They were unable to detect paternal la antigens on trophoblast cells at 
gestational ages ranging between 12 and 17 days. la antigens first appear on embryonic 
cells 11 days post-conception and their expression is confined to the fetal liver until day 
16 of gestation (Delovitch et a/, 1978). 

In summary, paternal Class | MHC antigens appear to be expressed by the 
allogeneic murine placenta, while Class Il MHC antigens are not detectable on the placenta. 

The situation in the human placenta is more complicated. Low frequency 
sonication of spleen, lung, liver and kidney from 12-22 week fetuses yields HLA 
antigens capable of inhibiting anti-HLA antisera (Pellegrino et a/, 1970). These and other 
studies (reviewed by Loke, 1978) have demonstrated clearly that alloantigens are present 
In immunologically effective concentrations on human fetal tissues. A number of other 
studies have demonstrated paternal HLA antigens on the placenta per se; the as yet 
unresolved question is whether the trophob/ast expresses paternal HLA antigens. 
Significant differences exist between murine and human placentas. The human chorionic 
villous trophoblast resembles the labyrinthine trophoblast of the murine placenta and the 
syncytiotrophoblast is bathed by maternal blood, while chorionic cytotrophoblast cells 
are in actual contact with decidual cells. 

A number of studies have reported the absence of HLA antigens on the human 
trophoblast. Goodfellow et a/ (1976) examined purified preparations of placental plasma 
membranes and were able to demonstrate paternally—derived HLA-A and HLA-B antigens, 
albeit at lower levels than on splenic lymphocytes. They were unable to draw any firm 
conclusions as to the precise localization of these antigens. Faulk and Temple (1977) used 
monospecific heterologous antisera to human beta-2 microglobulin (a plasma protein 
invariably associated with the HLA molecule) to study the expression of beta-2 
microglobulin and thereby of HLA antigens in human chorionic villi. They employed 
traditional immunofluorescence and immunoperoxidase methods and found that beta-2 
microglobulin is not expressed by the human trophoblast. The exposure of cryostat 
sections of the placenta to several enzymes including neuraminidase, failed to reveal 


beta-—2 microglobulin, suggesting that former concepts of masked MHC antigens on 
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trophoblasts were probably incorrect. Cells in the mesenchymal stroma of chorionic villi, 
including fibroblast endothelium and Hofbauer cells were positive for beta—2 
microglobulin. In addition Faulk et a/ (1977) reported that rabbit and monkey anti-HLA 
sera showed the same distribution pattern as beta-2 microglobulin, indicating that 
paternal HLA antigens are perhaps not expressed by the human trophoblast. 

However, not all workers agree that there is a lack of paternal HLA antigens in the 
human trophoblast. Loke et a/ (1971) reported the presence of HLA antigens on 
trophoblastic villi, detected by cytotoxicity assays performed on cultured trophoblast 
cells. Montgomery and Lala (1981) have recently reported the binding of anti-HLA 
antibodies to placental cells using a sensitive autoradiographic assay; they found weak but 
nevertheless positive labeling for HLA —A, -B and -C antigens. Both these 
aforementioned findings suffer from a drawback-— that of possible contamination by 
non-trophoblastic placental cells in the cultures. Sunderland et a/ (1981) recently 
reported immunoperoxidase studies using monoclonal anti-HLA —A, -B, — C and DR 
antibodies to stain sections of human placenta. They found that fetal cytotrophoblast cell 
columns protruding from chorionic villi in the early placenta express HLA antigens. This 
then is the first convincing demonstration of HLA antigens on human trophoblast cells in 
direct contact with maternal tissue. The principal form of human trophoblast in contact 
with maternal decidua is the chorionic villous trophoblast and this tissue was found to 
lack major HLA antigens (Sunderland et a/, 1981). 

It is clear therefore that the expression of paternal HLA antigens on the human 


trophoblast is somewhat equivocal. 


Tissue-Specific Antigens 

Tissues like the testis, brain and cornea express tissue-specific antigens that are 
normally sequestered from the immune system, and these antigens are capable of 
provoking an immune reaction in the host, if exposed to the immune system. Several 
studies have attempted to investigate the presence of tissue-specific antigens in the 
conceptus. 

The presence of embryonic tissue-specific antigens has been demonstrated in a 


few studies. Wiley and Calarco (1975) prepared antisera to mouse blastocysts which 


a ‘ wi } ; a ie 


Mie genni vane. Ay pain syity1 be 
Saeed) nt avitaba sea ls 

A bomen ualrcarer tipi wieder: feet haraqes pete 
tort? Griltgoibni ilialge sin Sasteed aerial 
rasidoriaoy iment welt neers $3 sens | 


.) 
B 
o 
a 
72 
a 
o 
que 
3) 
a 
= 


residorigeat Sate dolar 1ey ea bse ees taioms 
j \Ji- +O OMeherSsAs acuaie’ Vues aia veda ny Srniour 
J vee onwot yedt ‘yeas Inge vibe ofa ayia 5 ath sulblstrenindrt 
verth 14728 irteigtteny 2 baa Ae pi le in caeraraae 
a anAMiestinos aidteeog 7a taht “hbase RAPT are | 
anineoe ’ (1 = N Ve etre shindig pan ny ant. ary, Sea ik 
ie errs “S i- As AH ihe enaieGriben ote ebiny.ié suai nsegodiaiwenl 

lam fenitinige go lars) iar brie? yoni strode {actor 9 wagtsagiMNatel ar 

oi) enspitih Auli Seaiges ahreosic yiiee sit? iq itv SGOT mast riba tail 
nm Zila eskiOrqe Gama) 2n8o bas at 1S nots me asiedtanwnca dy: 
rasings. «i Tesora” nemite hot sain weSaf, Sutter lar ama ahd 8 
io? 23wW slieel? get DAS feniconqot auch 2not naricliegt si elbeeee 
'SEr ‘es hreebriv 2) ereptam eA epee 
aru ato eoagbia Ah lecswy fo aeessigNs ant evi ole nanl SHS one 
iSOvlUMe farvernae- er 


519 fel enheging bee ausec P2148 Genie are ier! Seah ort) 34) eadesit 
1S Sickae OA Seca ote th Hag onetayeetyrion sh! mot? be eteeupes yllannOn 

IsAVIE? UNaTEys Sr UMiry ort! Cn DEERGRRNT ROHS 1 roltgSs) srunwn ne Creo . 
elt Or @ApiING OMLciags si act tg Shree, are sine tents Dapgradits evan eeibuta 
6 auigaonoo 

a1) SRTEIORED reed 280 enraged hesQesueaY Deora te acrmestg att wen 1) 


Hota AMEN RETSBI! Seiler ct eneetie DeMEgSNG ISTE!) cluak) ore yal 2sibura wat 


after absorptions with adult mouse tissues, still reacted weakly in an immunofluorescence 
assay with zygotes. This reaction increased with each cleavage stage of the embryo to 
reach a peak reactivity with the 8 to 12-cell stage embryo. The anti-blastocyst serum 
used in this study also lysed 2 cell— and 8 cell— stage preimplantation embryos in a 
cytotoxicity assay. In addition, Wiley and Calarco (1975) also raised anti-placental serum 
which was absorbed with adult mouse tissues and still found to react with mouse eggs, 
pre-implantation embryos, as well as with the ICM and trophectoderm of early blastocyst 
outgrowths and trophoblastic components of the definitive placenta but did not react 
with adult mouse tissues. Such studies have clearly described the presence of 
tissue-specific antigens on the embryo and placenta (Wiley, 1979). 

A variety of other placenta—associated and placenta—specific substances have 
been described (Klopper, 1980) but most of these proteins await proper characterization. 
Faulk et a/ (1977) obtained evidence for the presence of trophoblast-specific antigens 
by preparing purified human trophoblast membranes and then generating heterologous 
anti-trophoblast antisera which did not cross-react with normal adult tissues. 

It is clear therefore that the conceptus expresses some antigens which are 
tissue-specific; but it is not known whether norma! pregnant females recognize these 


antigens as foreign. 


Oncofetal Antigens 

Embryos appear to share some cell surface antigens with malignant tissues. 
Heyner (1980) has suggested a new terminology “neogen” to describe those antigens that 
are present on both embryonic cells and on tumor cells as well. Neoplastic tissue often 
appears to regress to a fetal phenotype, with the subsequent production of embryonic 
antigens like carcinoembryonic antigen (Terry et a/, 1975), and fetal proteins like alpha 
fetoprotein (Abelev, 1975), human chorionic gonadotropin (Loke, 1978) and chorionic 
somatomammotropin (Weintraub and Rosen, 1971). These antigens may pose yet another 
potentially immunogenic stimulus to the mother. 

Edidin et a/ (1971) raised an antiserum to an ascites subline (402AX) of strain 129 
teratoma, which after absorption with normal adult tissue still retained its reactivity 


towards the teratoma and cross-—reacted with antigens on unfertilized mouse eggs and 
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blastocysts. They also found that these oncofetal antigens were restricted to the ICM 
after implantation. These teratoma antigens were detected on several other mouse tumor 
lines but were absent from normal mouse cells (Gooding and Edidin, 1974). Similarly, 
antibodies directed against a teratocarcinoma line could bind to the inner cell mass and to 
the blastocyst trophectoderm, demonstrating the presence of neogens on the early 
embryo (Calarco and Banka, 1979). 

The FQ antigen (or the F9 group of antigens) is the prototypical neogen and it is 
expressed by a number of embryonal carcinoma cell lines and also by early embryos in a 
number of species (Artzt et a/, 1974). The ICM and the trophectoderm express antigen(s) 
detectable by anti-F9 antiserum. After implantation the expression of F9 antigen 
becomes restricted to the embryonic ectoderm, finally disappearing by day 10 of 
development (Jacob, 1977). The FQ antigen is only one example of a neogen, but a variety 
of other embryonic antigens apparently exist, which cross-react with tumor-associated 
antigens and are not expressed by normal, adult somatic cells (for review see Irie et a/, 
1979). Ray and Seshadri (1980) have demonstrated that immunization of animals with 
homogenates of 14-15 day old embryos induces the development of an anti-tumor 
antibody response in syngeneic animals. lmmunized animals were able to inhibit the 
growth of a chemically induced fibrosarcoma in tumor-—transplantation studies, while 
spleen cells and sera from immunized animals manifested tumor-killing capabilities in 
adoptive transfer experiments. Ray et a/ (1982) have also demonstrated that Swiss strain 
mouse embryos and sarcoma- 180 tumors share a common oncofetal antigen. These 
results were based on immunodiffusion and immunoelectrophoresis experiments 
performed on antisera made by immunizing rabbits with semi-purified antigen extracts 
from sarcoma- 180 tumor cells and from 12-14 day old syngeneic Swiss mice embryos. 
Solter and Knowles (1978) have produced a monocional antibody that reacts with what 
they have termed Stage-Specific Embryonic Antigen (SSEA~ 1) which is expressed on the 
morula stage ICM. Anti-SSEA-1 antibody reacts with all mouse teratocarcinoma cell lines 
tested and human teratocarcinoma lines, but not with any other mouse or human cell line 
tested. It does not react with liver and spleen tissues but appears to react with murine 
brain and kidney cells. This antigen may not be a true embryo-specific neogen, but Solter 


and Knowles (1979) suggest that an unspecificied number of intermediary cell types may 
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exist during embryonic development and that each of these intermediary cell types may 
express embryonic stage-specific antigens which may differ from those expressed by 
ancestral cell types and also their final progeny. 

It is conceivable that such embryo-specific oncofetal antigens may provide 
sufficient immunogenic stimuli to the maternal immune system. It is also conceivable that 
if maternal immunity to such antigens is elicited, then embryonic development may be 
affected. Very little is known about the incidence and effects of anti-oncofetal sera on 
pre-implantation development. 

In conclusion, it is evident that potentially "foreign’ antigens are present on the 
developing embryo and extra-embryonic tissues. Hence, it can be concluded that a 
general theory of antigenic immaturity of the conceptus is untenable (Mendenhall, 1976). 


A question then arises; is the pregnant mother aware of her antigenically foreign fetus ? 


E. Maternal Anti-Fetal Reactivity 

Many workers have forwarded the hypothesis that the fetal allograft survives 
because of a decreased maternal immune response during pregnancy (reviewed by 
Anderson, 1972; Gill and Repetti, 1979). A question that many investigators have tried to 
address is whether or not there is an impairment in the intrinsic reactivity of maternal 
lymphocytes during pregnancy. The various parameters that have been studied in man and 
in the mouse include responses of maternal lymphocytes to phytohemagglutinin (PHA), the 
capacity of lymphocytes to respond to allogeneic stimuli as measured in the mixed 
lymphocyte reaction (MLR), maternal B cell responses as assessed by the number of 
plaque forming cells to sheep red blood cells, the capacity of pregnant animals to reject 
allogeneic skin grafts, reactivity of lymphocytes to purified protein derivative and the 
relative numbers of T and B cells in pregnancy. The mass of data now available is 
confusing, because there are controversies relating to each of the abovementioned 
parameters (Gill and Repetti, 1979; Gill, 1982). Under optimal conditions there appears to 
be little or no depression in responses of lymphocytes from pregnant females as 
compared to the responses of lymphocytes from non-pregnant animals (Carr et a/, 
1973). The inherent immunocompetence of human maternal T cells was demonstrated in 


the MLR assay by dose response kinetics over a wide range of stimulator and responder 
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cells; thus there is no evidence for tolerance to paternal histocompatibility antigens 
(Harrison, 1976a, b). Using the graft versus host reaction (GVHR) in genetically defined 
strains of mice, Harrison (1976a) has also demonstrated the ability of pregnant mice to 
mount a successful GVHR against paternal and unrelated cells. These findings effectively 
eliminate the possibility of inherent T cell hyporeactivity during pregnancy. Despite 
reports to the contrary, most studies do not show any strong evidence for a consistent 
effect of pregnancy on the intrinsic reactivity of maternal lymphocytes (Gusdon, 1976; 
Rocklin et a/, 1979). Therefore maternal lymphocytes appear to be fully reactive during 
pregnancy (Gill and Repetti, 1979) and any depression in reactivity is probably due to the 
activity of pregnancy—associated proteins or hormones. 

Immune responses to pregnancy can be discussed under three main categories: 
(i) morphologic alterations in lymphoid organs, 
(il) cell-mediated responses, and 


(ili) humoral immune responses. 


Morphologic Alterations in Lymphoid Organs during Pregnancy 

Pregnancy results in certain characteristic changes in maternal lymphoid organs. 
The maternal immune response to pregnancy has been defined morphologically by the 
enlargement of para-aortic lymph nodes that drain the uterus in mice (Beer and 
Billingham, 1971; McLean et a/, 1974) and in many other species (Gill et a/, 1979). Maroni 
and de Souza (1973) studied the thymus, the spleen and the lymph nodes draining the 
uterus of primiparous mice. The thymus in both syngeneic and allogeneic matings was 
found to undergo remarkable involution with the decrease in weights in both groups 
being similar. A gradual and comparable increase was observed in the splenic weights of 
both syngeneic and allogeneic pregnancies. The lymph nodes draining the uterus undergo 
remarkable changes in some strains of allogeneically pregnant mice as compared to 
syngeneically pregnant mice. Draining lymph nodes (DLN) in allogeneic matings was found 
to be considerably larger and had significantly higher numbers of dividing cells as 
compared to DLN from syngeneic matings. These workers concluded that the 
differences observed in the DLN from the syngeneic and allogeneic mating groups may 


be attributed to the antigenic composition of the conceptus. The extent of stimulation of 
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the DLN however was not as striking as in a lymph node draining the site of a skin 
allograft. 

Maternal Anti-Fetal Cell-Mediated Immunity 

Paternal skin grafts transplanted on to allogeneically mated animals generally fail to be 
rejected in an accelerated fashion; accelerated rejection of paternal skin grafts would be 
expected if pregnancy results in maternal sensitization. Multiparity does not result in 
accelerated graft rejection and there is some evidence to suggest that multiparity results 
in a prolongation of graft survival (Anderson and Monroe, 1962) suggesting either an 
absence of effector cells or the operation of immune enhancement during pregnancy 
(Breyere and Barrett, 1960; Beer et a/, 1975). However, Chaouat et a/ (1979) have 
reported the existence, in the spleens of pregnant mice, of cells specifically sensitized to 
paternal alloantigens. They found that adoptive transfer of spleen cells from allogeneically 
pregnant mice (and not from syngeneically pregnant mice) rendered these mice capable 
of rejecting tumor allografts of the paternal strain in a rapid manner. The authors 
concluded that allopregnant mothers can elaborate cells that are reactive against paternal 
antigens of the conceptus and that are able to participate in a rejection reaction against 
cells bearing these antigens. 

Rocklin et a/ (1973) observed the production of migration inhibition factor in 50% 
of the mothers tested, when maternal and corresponding fetal lymphocytes were mixed 
together. Youtananukorn and Matangkasombut (1972) investigated the presence of 
cell-mediated immune reactivity against placental antigens. The lymphocytes from all of 
the 41 primiparous mothers analyzed were found to be primed to placental antigens, in 
the MIF assay. 

In a majority of reports, however, spleens and DLN from allogeneically mated 
mice have been found to have very little or no cytotoxic cell activity (Clark and 
McDermott, 1978; Pavia and Stites, 1979). One of the few exceptions is a report by 
Smith et a/ (1978) who found low levels of non-specific cytotoxicity in 33% of outbred 
primiparous murine pregnancies. Smith et a/ (1978) also conducted /n v/tro sensitization 
experiments designed to determine the level of lymphoid cells primed to paternal 
alloantigens, and found somewhat elevated levels of cytotoxic cells in pregnant females 


as compared to cells from virgin controls. However, the appearance of cytotoxic cells in 
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this study was transient. 

In addition, Wegmann et a/ (1979c) demonstrated that spleen and mesenteric 
lymph node cells from pregnant female mice are not primed to paternal alloantigens. 
Spleen cells from pregnant animals exhibited no more cytotoxicity than normal cells from 
virgin mice. Maternal lymphoid cells could however be stimulated by /n v/tro exposure to 
cells bearing the paternal haplotype; thus there is no evidence for an inherent inability of 
these cells to respond to paternal alloantigens. Wegmann et a/ (1979c) also performed /n 
vivo immune elimination studies with target cells and found that allogeneically pregnant 
females in various stages of gestation (days 5, 11 and 19) were not primed to paternal 
antigens. These pregnant female mice could however be experimentally primed to 
paternal alloantigens /n s/tu. Wegmann et a/ (1979c) concluded that the presence of an 
allogeneic fetus generally does not prime the mother to paternal MHC antigens but that 
this is not due to an inherent incapability of maternal cells to respond, because 
allogeneically pregnant mice can be readily primed to paternal alloantigens by the injection 
of paternal strain spleen cells. 

Maternal Anti-Fetal Humoral Immunity 

Antigens of the fetus that are most immunogenic in the context of humoral 
immunity are paternally-inherited MHC antigens and fetal red blood cell (RBC) antigens. 
This contention is supported by evidence for the presence of anti-paterna! alloantibodies 
in pregnant females of many species. Cytotoxic and hemagglutinating antibodies directed 
at H-2 alloantigens are detectable in pregnant mice (Herzenberg and Gonzales, 1962; 
Kaliss and Dagg, 1964; Mishell et 2/, 1963). Baines et a/ (1976) reported a substantial 
increase in the number of specific rosette forming cells in the spleens of multiparous 
pregnant mice; these responses were specific to paternal MHC and MIiH antigens. Voisin 
and Chaouat (1974) eluted antibodies from murine placentas and found that these 
antibodies exhibited specificity for paternal strain antigens; the eluted antibodies could 
bind to paternal strain lymphocytes and had tumor-enhancing capabilities in adoptive 
transfer experiments. This was the first demonstration of maternal anti-paternal 
antibodies actually bound to the placenta. However, they did not verify whether these 
antibodies were directed against paternal MHC antigens or MiH antigens. They also found 


that a substantial portion of the eluted antibody was of the IgG, subclass; IgG, antibodies 
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do not bind complement hence are non-cytotoxic. Bell and Billington (1980) recently 
reported that the major alloantibody response directed against paternally inherited fetal H 
antigens in multiparous females is of the IgG, subclass with potentially enhancing 
properties. However, it is well established, at least in humans, that antibodies with 
cytotoxic activity may be detected in up to 15% of primiparous and 60% of multiparous 
women (Terasaki et a/, 1970). Doughty and Gelsthorpe (1974) found an increase in the 
incidence of cytotoxic antibodies through the first and second pregnancies. It is quite 
possible that even non-cytotoxic antibodies could pose a threat to the fetus and may act 
by cross-linking antigenic sites on the cell surface or by promoting opsonization. 
Anti-paternal HLA-A and HLA-B antibodies are detectable in upto 60% of multiparous 
women, the incidence and titers of these antibodies increasing with parity. These 
antibodies are of the leukoagglutinating and cytotoxic variety (Doughty and Gelsthorpe, 
1976; Jeannet et a/, 1977; Revillard et a/, 1973) and are capable of inhibiting mixed 
lymphocyte reactions which is indicative of the possible role of these antibodies in 
preventing reactions between maternal lymphocytes and fetal antigens expressed on 
placental and fetal cells (Revillard et a/, 1973). 

There is very little evidence to support the contention that high leveis of 
anti-paternal antibodies can harm the fetus. Jeannet et a/ (1977) and Harris and London 
(1976) suggest that on rare occasions HLA antibodies may leak into the fetus and may 
then cause disorders such as neonatal thrombocytopenia. It is not possible, on the basis 
of presently available data, to draw unequivocal conclusions regarding the etiologic 
relationship between anti-HLA antibodies and fetal abnormalities. Antibodies directed at 
blood group antigens, of the paternal haplotype have been described in human 
pregnancies (Takano and Miller, 1972), and erythroblastosis fetalis, caused by the passage 
of anti-Rh antibodies into an Rh positive fetus, is a well-known phenomenon (Woodrow, 
1965)! 

Antibodies directed at placental tissue-specific antigens have been described by 
Hulka et a/ (1963). 

Evidence that parity induces antibodies reactive with oncofetal antigens is 
beginning to accumulate. Edidin et a/ (1977) have reported the detection of serum 


antibodies and cell-mediated immunity to teratocarcinoma antigens in multiparous female 
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mice. The effect of these antibodies on embryos is not known. Jacob (1979) reported 
the effects of an antiserum reactive against F9 cells on the cell cleavage of mouse 
embryos. Divalent anti-F9 antibodies had no obvious adverse effects on pre-implantation 
development /n v/tro; Fab fragments of this antibody prevented compaction and 
reversed compaction already underway. 

In summary, there appears to be a consensus that except perhaps for a low 
incidence for cell-mediated immunity, the maternal immune system is not provoked into 
making consistently strong cellular anti-fetal reactions. However, various other 
observations have refuted the simplistic notion that the pregnant female is 
immunologically unaware of the presence of an allogeneic fetus in her uterus. Humoral 
anti- fetal and anti-placental antibodies are clearly elicited during pregnancy. This 
dichotomy in maternal immunity — humoral antibody production and the lack of strong 
cell-mediated effectors — is very intriguing. What can this immune deviation be attributed 
to? One school of thought maintains that a state of immunosuppression in the mother, 
brought about by hormones and/or immunosuppressive cells, is responsible for the lack 


of successful host-versus—graft reactions in pregnancy. 


F. lmmunoregulation during Pregnancy 

One of the simplest explanations that has been put forward to explain the 
success of the fetal allograft is that the immune system of the pregnant female is 
systemical/y suppressed by pregnancy~associated hormones; and that as a consequence 
of this phenomenon the mother is rendered incapable of generating deleterious anti—fetal 
reactions (Medawar, 1953). Such a generalized non-specific suppression would be 
conducive to potentially fatal infections but there is no consistent evidence for an 
increased susceptibility to diseases during pregnancy. Furthermore, a lack of systemic 
suppression in pregnancy has been clearly demonstrated (Pavia and Stites, 1979). 

A multitude of protein and steroid hormones are elaborated by the conceptus 
during pregnancy and conceivably any of these factors may exercise some 
immunoregulatory influence on the activity of maternal immune cells during pregnancy. 
Whether such immunosuppression is exquisitely specific for paternal and fetal antigens 


or non-specific, and whether it acts locally, is currently an area of intense investigation. 
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Based on evidence discussed before (see MATERNAL ANTI-FETAL RESPONSES) it 
is clear that the intrinsic reactivity of maternal lymphocytes is unaltered during pregnancy 
but it is possible that circulating suppressive factors of a somewhat unspecificed nature 
may modulate antigen recognition and/or effector cell function in pregnancy. Factors that 
have been suggested as being naturally—occuring immunosuppressants are human 
chorionic gonadotropin (hCG), human somatomammotropin (hCS), alpha-fetoprotein (AFP), 
progesterone, and human placental lactogen (Pavia and Stites, 1979; Gusdon, 1976; 
Stites et a/, 1979). hCG and hCS, synthesized by the trophoblast, were considered as 
strong candidates for immunosuppressive agents (Contractor and Davies, 1973) until it 
was Clearly demonstrated that highly purified preparations of hCG and hCS are not 
suppressive in MLR assays (Morse et a/, 1976; Caldwell et a/, 1975). It was suggested 
that impurities in preparations of these hormones could account for their putative 
immunosuppressive activity (Viorse et a/, 1976). Human and murine AFP, a glycoprotein 
hormone produced during pregnancy by the yolk sac and later by fetal liver have been 
reported as having an inhibitory effect on certain T cell subsets (Murgita and Tomasi, 
1975; Murgita, 1976), but these results have not been substantiated (Sheppard et a/, 
VS 7s: 

Stites et a/ (1979) suggest that /oca/ immunosuppression would ideally prevent 
the generation of and/or attack by, maternal lymphocytes on placental tissue and thus 
could contribute to the integrity of the placental barrier necessary for successful 
gestation. These workers maintain that progesterone, which Is an essential hormone of 
pregnancy in most mammalian species, couid be an immunosuppressant in the vicinity of 
the placenta. The /” vivo and /n vitro experiments of Siiter! et a/ (1977) demonstrated 
that high local concentrations of progesterone are capable of prolonging the survival of 
skin allografts in rats. Beer and Billingham (1979) were able to extend the survival periods 
of skin allografts in rats by placing silastic tubes containing progesterone over the grafts. 
Therefore an argument exists for the possibility of local suppression of the efferent limb 
of the maternal immunologic reflex arc. However the role of progesterone is suspect 
because Kitzmiller and Rocklin (1980) reported that progesterone does not suppress 
lymphocyte reactivity as assessed by the production of lymphokines and target cell 


responses in the presence of these hormones. These workers therefore dispute that 
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there is a physiological role for placental steroid hormones as modulators of maternal 
responsiveness 

. There is evidence to support the suggestion that antibodies and immune 
complexes directed at paternal alloantigens and placental antigens may play an 
immunoregulatory role. Antibodies in maternal plasma have been found to inhibit MLR and 
also the release of migration inhibition factor (Rocklin et a/, 1976); Voisin and Chaouat 
(1974) eluted antibodies bound to the murine placenta and showed that these antibodies 
enable normal mice to accept sarcoma allografts of paternal origin. The precise 
immunogenetic specificities of these antibodies were not conclusively established. 

Clark and coworkers (1978, 1980, 1981) have reported a localized impairment of 
the generation of cytotoxic T lymphocytes (CTL) /n vivo and /n vitro in the para-aortic 
lymph nodes that drain the uterus. This suppression was attributed to the action of 
mitomycin C-resistant suppressor cells in the DLN of pregnant mice; furthermore, these 
cells were reported to be absent from the DLN of allogeneically-mated mice that were 
resorbing their fetuses, suggesting that these cells are probably involved in suppressing 
anti-fetal reactivity. Clark and McDermott (1980) found that these suppressor cells in the 
DLN act in a non-specific manner, and may exert their influence in the milieu of the 
conceptus. The mode of generation and action of these putative suppressor cells is still a 
matter of speculation. Slapsys and Clarke (1982) have also found similar suppressor cells 
in the decidua and these cells appear to secrete a soluble suppressor factor which acts in 
a non-specific manner. These cells may be very important in that they are present in 
maternal tissue, directly in contact with fetally-derived trophoblast cells. 

In summary, it is possible that /oca/ immunosuppression by hormones or cells or 
other factors, may play an important role in maintaining the integrity of the placenta and 
consequently of the fetus. It should be noted that most of these factors have been 
suggested to inhibit the action of sensitized lymphoid cells in the pregnant mother. Local 
immunoregulation in the vicinity of the conceptus may contribute to the absence of 
consistently demonstrable cellular immunity against fetal antigens. However, anti-fetal 
humoral antibodies are often detected in maternal serum (see Maternal anti-fetal humoral 
immunity). We may now address the question as to what tissues in the conceptus are 


responsible for eliciting antibodies in the mother. 
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G. Fetal-Maternal Cell Trafficking 

The cells in the conceptus that are likely to stimulate maternal anti-fetal antibodies 
are (i) placental cells, and/or (ii) fetal lymphoid cells. Spongiotrophoblast cells and 
trophoblast giant cells are in direct contact with maternal decidual cells and the 
trophoblast in hemochorial placentas is bathed in maternal blood and is therefore 
accessible to immunocompetent maternal cells. It is also conceivable that fetal lymphoid 
cells may traverse the placenta and may enter maternal circulation where they may 
stimulate the maternal immune system. It is important to ascertain whether fetal cells can 
reach the maternal system in sufficient numbers to provide an immunogenic stimulus. In 
erythroblastosis fetalis, Rh negative mothers are sensitized by their Rh positive fetuses 
into making an anti-Rh antibody response; some workers conclude that this phenomenon 
indicates fetal-maternal transfer of RBC during gestation. These responses, however, 
may well be induced as a result of fetal RBC entering maternal blood during parturition 
when hemodynamic imbalances between fetal and maternal circulations may cause 
leakage ne from the fetus to the mother (Woodrow, 1965). Apparently the 
proportion of women with fetal RBC in their circulation during pregnancy is not high 
(65-20%) and this frequency is higher at delivery (65-50%) (Gill, 1977). Small amounts of 
fetal RBC (Schroder, 1975) and lymphocytes (Desai and Creger, 1963) have been 
reported to find their way into maternal blood before parturition. Some studies have 
employed the F. body-quinacrine staining method to scan for putative male cells in 
maternal blood; the results have been conflicting and as such have not permitted 
unequivocal conclusions to be drawn from them (Gill and Repetti, 1979). Herzenberg et a/ 
(1979) employed elegant cell sorting techniques to examine maternal blood for the 
presence of fetal cells by using immunogenetic and cytogenetic criteria; they reported 
the presence of fetal cells in maternal! circulation during human pregnancy. There is no 
direct evidence for the transfer of fetal cells into maternal blood in mur/ne pregnancy. It 
must be emphasized that the amount of immunogenic material (i.¢., the number of 
antigen-bearing cells) entering maternal circulation is far more important than the mere 
presence of some fetal lymphocytes in maternal blood. It has not been possible to 
ascertain as yet whether fetal cells coming into contact with maternal circulation do 


constitute an adequate immunogenic stimulus. 
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Trophoblast cells frequently detach from the placenta and move into the maternal 
blood stream; it has been documented that up to one gram of trophoblastic tissue per 
day may enter the human blood stream, by a phenomenon termed "trophoblastic 
deportation” (Ikle, 1964). These cells may elicit maternal responses, provided they 
express antigens foreign to the mother. 

Thus the bulk of the evidence argues against significant transfer of murine fetal 


cells into the mother. 


H. The Placenta as a Cell Filter 

The exclusion of maternal lymphoid cells by the placenta could be one of the 
mechanisms by which the fetal allograft is prevented from rejection. Even though 
cell-mediated anti-fetal reactions are infrequent in pregnancy, in the event such 
reactions are generated are these sensitized cells capable of reaching the fetus? There 
nave been scattered reports claiming that a significant amount of maternal cells do reach 
the murine fetus (Tuffrey et a/, 1969; Barnes and Tuffrey, 1971); these findings have not 
been substantiated by other workers (Billington et a/, 1969; Adinolfi, 1975). Beer and 
Billingham (1973) reported the runting of neonates caused by a putative transfer of 
sensitized lymphoid cells from the mother to the fetus; these results have not been 
confirmed in an extensive series of experiments (cited by Billington, 1976). A number of 
studies have clearly demonstrated that fetuses develop normally despite the mother being 
strongly sensitized to fetal antigens by paternal skin grafting (Medawar and Sparrow, 
1956; Heslop et a/, 1954; Lanman et a/, 1962). Wegmann et a/ (1979c) primed pregnant 
mice to paternal antigens and found that the fetuses in these sensitized mothers were 
unharmed. There is therefore no direct evidence of any significant transfer of maternal 
lymphocytes to the fetal circulation (Adinolfi, 1975). Thus, maternal lymphocytes do not 
appear to traverse the placenta in significant numbers and it is highly likely that the 
placental barrier prevents the access of all but a few maternal lymphocytes into the 


fetus. 


oe va 


Warrwwtach tT Ga et hs asriciTen aA TY Ne 
vee) vee o'fewidorkionn ho dim Sfarot qu iter te 
sWasitedgow” termes noneriorigrdy 2'ya mt 
yan Webivesy séenodeat nei Torta. 
lare> srtivurve Lo) rata renmaatinyanetineino 
me 
ne ma 


. 
oS, a 


ov 1d aud od sige sinenelg sri ym ‘claleannaian ae me 
WIDOT REVS WIOUDELeT Ae mnt eairay aig sfc an Aba Be toi i 
ious voit SOh ni MOMSNE Sd) of ging Hel Seon! “ane t 

ear) Leura ard ype 1} SICeGes zig bbe i edliscmiiead 
set larethna to Inarne wnsHingles Tt Horie aguas 


ayart afrtkinit, seat. (f V8! vedi? bd pone eet" a’ verti onan 
My 


biecwae later aMombs Peel Aes ceage ashe nate va the 
Sevegiowaan ig eye beeuha satenosr ie gradu einen 
act for! eve ath idem Saale, cifer ark io1 “ern rh ra 
asrunA (BSR neti} va bord! slgamiaeielts (emai | 
neve “satan writ ettefedh, Mikey ele aleve aoqurat: Jar eSRE Tan Neh | 
voy WeP Dee eee) gel shtaihe aitietaR ya Seg (at? et 
Sd erring VENT) Ve pe cirri Rego At he nefreiss SUR! Va tae 
sat erat opetnarrnaesasrd awedls’ ele tadke React my (ree er 2 
an GAIN 4a petsniey indity ove iy 1 iON Fs Heriok Sr0Ke Nr 
‘On Sh eenamOn hl earn awit aver Wireami9) neat. inset at oe 
Sr tem) yie Hy srieiel ai 1 oe ynsctrniiet sAlcaligite } ere NE over 4 


arte Sh 2aracrhgr el enon ne RS ily Stree 


ej _ 
219 : 

ime 

ss! 

° 


31 


|. The Placenta as an Antibody Filter 

A question that has remained unresolved for a long time and that is central to this 
thesis relates to the intriguing survival of the allogeneic fetus despite the presence of 
anti-fetal antibodies in the mother. Human and animal experiments have provided 
evidence for the presence of cytotoxic antibodies directed at fetal (paternal) antigens 
during pregnancy (as discussed in Section E). The density of H antigens on most fetal 
tissues appears to be sufficient for immune attack (Edidin, 1972) and it is therefore 
conceivable that these potentially deleterious antibodies may harm the fetus if they enter 
the fetal circulation. Thus, it seems necessary that the intervening placenta act as a filter 
by trapping such antibody. At the same time, it is well established that the fetus depends 
on maternal immunological experience i.e., her antibodies, until such time that its own 
immune system is functional. Hence the placenta would have to act as a selective 
immunoabsorbent by absorbing those antibodies which have their corresponding antigens 
expressed on the placenta and at the same time transporting those antibodies that are 
needed for protection of the fetus. 

Swinburne (1970) suggested that maternal antibodies directed at 
histocompatibility antigens of the fetus are absorbed by placental tissue antigens. He also 
suggested that antigen-antibody complexes are also filtered out and eliminated by the 
placenta as fast as they are formed. This hypothesis has been reiterated a few times by 
others who have suggested that the possession of an array of specific antigenic 
determinants by the placenta may enable this tissue to serve as a specific 
immunoabsorbent (Billington and Jenkinson, 1975; Sellens et a/, 1978). A review of the 
relevant literature indicates that there is little evidence to support this hypothesis. In 
humans, anti-paternal HLA antibodies detectable in maternal circulation are not found in 
the fetal blood if the fetus bears the same haplotype; these antibodies are instead found 
absorbed to the placenta. However, if the fetus lacks the appropriate antigens, these 
antibodies are not found in placental eluates, but are detectable in cord blood (Tongio et 
al, 1975; Doughty and Gelsthorpe, 1976). These findings suggest that anti-fetal 
antibodies are absent from fetal blood due to a sequestration of such antibodies in the 
placenta. However, these results are not conclusive because the lack of anti-HLA 


antibodies in fetal blood, may simply be due to the absorption of these antibodies by 
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fetal tissues. Wegmann et a/ (1979a) found that radiolabeled anti-fetal H-2 antibody was 
selectively absorbed by the placenta when the fetus bears the appropriate target antigen; 
this finding lends credence to the idea that the placenta may serve as a paternal 
antigen-bearing immunoabsorbent barrier between the maternal immune system and the 
semi-—allogeneic fetus. 

In the human placenta, paternal HLA antigen-bearing cells in the chorionic villi may 
provide an immunoabsorbent layer even if the human syncytiotrophoblast is indeed 
devoid of HLA antigens. Mcintyre and Faulk (1979) speculate that the chorionic villi of the 
human placenta may serve as an antibody filter for a variety of antibodies including 
anti-Gm and anti-oncofetal specificities. 

It thus seems likely that the placenta may provide an immunologic sanctuary for 


the fetus during gestation. 
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Il. MATERIALS AND METHODS 
Mice 
Inbred mice of strains BALB/cCR (H-2d), C3H/HeJ (H-2k) and C3H.A (H-2a) were 
obtained from the Small Animal Breeding Program of the University of Alberta, 
Edmonton, Alta. The H-2 haplotypes of these strains are shown schematically in Table 1. 
In these studies the syngeneic matings were BALB x BALB (H-2Kd x H-2Kd) and C3HA x 
C3H.A (H-2Dd x H-2Dd); the allogeneic matings were BALB x C3H/HeJ (H-2Kd x H-2Kk) 
and C3H.A x C3H/HeJ (H-2Dd x H-2DA&). Pregnancies were timed by checking for vaginal 
plugs and the presence of a plug was used as a criterion to determine day zero of 


pregnancy. 


Antibodies 

Three different monoclonal antibodies were used in this study. Anti-H-2K& antibody of 
IgG2a subclass was produced by the hybridoma #11-4.1, available through the Salk Cell 
Distribution Center, La Jolla, California. It reacts with cells bearing the H-2K deteminant 
from H-2 haplotypes k, r, p and q, but not d, b, f or s (Oi et a/, 1978). Anti-H-2DkK, also 
an IgG2a antibody, was produced by the hybridoma #15-5-—5S, (a generous gift of Dr. 
D.H. Sachs). This antibody is directed against the H-2D& determinant, but exhibits cross 
reactivity to the H-2Kd determinant and to the H-27 haplotype antigens (Ozato et a/, 
1980]. Anti-|-A& antibody (igG2a], produced by hybridoma #10-3.6, (Salk Cell 
Distribution Center, California) is reactive to cells of the f, k, r and s haplotypes, but not 
with b, d, p or q haplotypes and this pattern of reactivity corresponds to specificity la 17 
(Oi et a/, 1978]. The specificities of these antibodies are shown schematically in Table 1. 
Hybridomas were grown in pristane-primed BALB/cCR mice; the monoclonal antibodies 


were obtained from these mice in ascites form. 


Testing of Anti-H-2 Antibodies 

Every batch of ascites fluid was tested in an /n v/tro competitive binding assay with the 
appropriate 1?5l-labeled antibody. The method used for radiolabeling antibodies is 
described in a following section.2 Single cell suspensions were prepared by first mincing 


spleens in Leibovitz medium (Grand Island Biological Co., New York, NY) and then gently 
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pressing the tissue through 60 mesh steel screens. The debris and cell clumps were 
removed by allowing them to settle for 10 minutes. The remaining cells were then 
washed twice with Leibovitz medium by centrifugation at 500 xg for 10 minutes. The 
cells were resuspended in the same medium. 

10,000 cpm of the radiolabeled antibody preparation was mixed OE varying 
amounts of the ascites [from 0.6 to 20 microliters (ul)] and added to 10’ spleen cells 
suspended in 0.5 milliliters (ml) of the medium. These mixtures were incubated at 4°C for 
1 hour and the cells then washed thrice in Leibovitz medium. The residual radioactivity in 
the pellets was measured in a Beckman Gamma 300 counter (Beckman Instruments Inc., 
Irvine, CA) and the 50% inhibiting dose of the test ascites was compared with a standard 
batch of ascites of known reactivity. New batches of ascites containing antibody were 


always compared to the standard reference batch. 


Preparation of F(ab’), fragments of immunoglobulins 

F(ab’), fragments were prepared by pepsin digestion of IgG. 250 micrograms (ug) of 
pepsin (Sigma Chemical Co., St. Louis, Mo.) were added to 3 m! of 0.15M sodium acetate 
buffer at pH 4.6, containing 15 mg of the monoclonal antibody. This mixture was 
incubated for 24 hours at 37°C to allow digestion to occur, and the reaction was 
stopped by adjusting the pH to 8.0 with Tris base (Nissonoff et a/, 1960). Undigested 
immunoglobulins and Fc fragments were removed by Protein—A sepharose 


chromatography. The F(ab’), was generously prepared by Dr. B. Singh. 


Purification of antibodies from ascites 

Antibodies in ascites fluid were purified by Protein A-Sepharose chromatography. A 10 
mi Protein A-Sepharose (Pharmacia, Sweden) gel column was prepared and washed 
thoroughly with 30 ml of phosphate buffered saline (PBS), pH 7.2. Five ml of ascites fluid 
was passed through the column. The column was then washed with 30 ml of PBS, after 
which the effluent contained no more detectable protein. Thirty ml of 1M acetic acid was 
passed through the column to elute the adsorbed immunoglobulins. The pH of the eluted 
solution was adjusted to pH 7 with Tris base. This purified solution of immunoglobulins 


was dialyzed against 3 changes of PBS pH 7.2, at 4°C. 
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The F(ab’), preparation was also purified by Protein A chromatography. Fc 
fragments were absorbed by the protein A gel, while F(ab’), fragments were obtained in 


the eluent. 


Radioiodination of immunoglobulins 

25] labeling of antibodies was performed by the chloramine T method of Greenwood et 
a/ (1963), at a molar ratio of one iodine atom to one IgG molecule. 5 millicuries of 
radiolabeled sodium iodide (NEN Canada, Lachine, Que.) was added to a 5 milligram (mg) 
solution of the immunoglobulins in PBS. Fifty uls of chloramine T was added to the 
mixture and the oxidation reaction allowed to continue for 2 minutes at room 
temperature. Further oxidation was stopped by neutralizing the mixture with 50 ul of 
sodium metabisulfite. Ten uls of 1% potassium iodide was added and the solution dialyzed 


against saline to remove free iodine. 


Intrinsic radiolabeling of immunoglobulins 

Anti-H-2Kk antibody was intrinsically labeled with *H—-leucine (for autoradiography) and 
with **S-methionine (for the “fate” studies described below). 11-4.1 hybridoma cells 
were grown // v/tro in RPMI medium [Grand Island Biological Co., New York, NY] and then 
washed thrice in leucine-free minimum essential medium (or methionine-free MEM in the 
case of **S—methionine labeling) (Grand Island Biological Co.). The cells were then 
suspended in 6 ml of leucine-free MEM (or **S-—methionine-free MEM) at a density of 5 
x 10¢ cells per mi. One millicurie of *H—-leucine (or **S—methionine) (NEN Canada) was 
added to the cell suspension and the cells incubated for 3 hours at 37°C with intermittent 
shaking. After 3 hours, the cell suspension was chilled and cold RPMI added; the cells 
were spun down at 500 xg for 5 minutes and the supernatant containing *H—labeled 
anti-H-2Kk was dialyzed against saline for 48 hours at 4°C to remove free leucine (or 


free methionine). 


Purification of )°l-labeled antibodies 
125|—labeled antibodies were purified by absorption—elution on glutaraldehyde-fixed 


C3H/HeJ spleen cells. 10° spleen cells at a concentration of 2 x 107 cells per ml in 
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Leibovitz medium were mixed with an equal volume of 0.25% glutaraldehyde with 
continuous stirring over a period of 5 minutes. The cells were then washed twice in 
medium containing 0.1M glycine. The radiolabeled antibody preparation was added to the 
cell pellet and then incubated for 1 hour at 4°C. The cells were washed twice with 
Leibovitz medium. The antibodies that were bound to the cells were eluted by adjusting 
the pH to 3.2 with 0.1M acetic acid and centrifuging the mixture immediately. The pH of 
the supernatant was restored to 7.3 by adding 3 mis of 0.1M Tris buffer to the 
supernatant. This supernatant, consisting of specific '**l-labeled antibody, was then tested 


in a quantitative absorption assay. 


Testing of radiolabeled antibodies 

Radiolabeled antibodies were assessed for specific activity by comparing the binding of 
the antibodies to target cells (C3H/HeJ) and the appropriate contro! spleen cells 
(BALB/cCR cells in the case of anti-H-2Kk and anti-|-Ak antibodies; and C3HA cells in 
the case of anti-H-2D antibody). Single spleen cell suspensions were prepared and then 
suspended in Leibovitz medium (containing 1% bovine serum albumin, Sigma Chemical Co., 
St. Louis, Mo.) in concentrations ranging from 10’ to 4 x 10' cells per tube. 10° cpm of 
the labeled antibody were mixed with the cells and incubated for 1 hour at 4°C. The cells 
were pelleted and washed twice. The radioactivity in the resultant cell pellets was 
measured in a gamma counter. The binding of }?5l-antibody to target and control cells was 


compared in order to determine the specific activity of the labeled antibody preparation. 


Processing of fetal and placental tissues for measurement of radioactivity 

In many of the studies described herein, it was necessary to estimate the binding to 
placentas and fetuses, of !?‘l-antibodies injected into pregnant mice. The placentas and 
fetuses from each animal were removed and the placentas carefully separated from the 
fetuses. The placentas and fetuses were collected separately in a solution of 1% heparin 
[v/v] in PBS and weighed. The placentas were washed thoroughly in heparin—PBS and the 
tissues ground in a glass homogenizer. The homogenate was centrifuged and the resulting 
pellet washed twice in PBS. Fetuses were washed, then minced into smaller pieces. The 


uptake of antibody by the tissues was estimated by measuring the radioactivity of the 
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tissues IN a gamma counter. 


Localization of paternally-derived H-2K antigens on the placenta by 
autoradiography 

In order to localize the binding of radiolabeled anti-paternal H-2K antibody on the 
placenta, autoradiography was performed on placentas from target (xk) and control 
(7xd) pregnant mice injected with the radiolabeled antibody. The }*5I—antibody or the 
sH-antibody (10° cpm per animal) was injected into target and control pregnant mice on 
days 10, 13 and 17 of gestation. Mice were anesthetized with Penthrane (Abbott Labs 
Ltd., Chicago, IL) at 4 hour and 8 hour intervals after injection and then perfused with 100 
ml of 1% heparin-saline through the right ventricle of the heart. The liver and the 
placentas were blanched after this procedure, indicating that the blood vessels in these 
organs had been perfused with saline. The purpose of this step was to wash out the 
unadsorbed radiolabeled antibodies from the placental circulation, leaving the bound 
antibodies intact. The placentas were then dissected from the uterus with the decidua 
attached and cut into wedges; the tissues were then fixed in 0.35% glutaraldehyde in 
0.1M PBS and then embedded in glycol methacrylate. 2 um sections were prepared and 
then coated with Kodak NTB 3 nuclear track emulsion. After exposure at 4°C for 4 to 25 
weeks, the autoradiograms were developed in Kodak D-19 developer, and stained with 
Gill's hematoxylin and Lee’s methylene blue-basic fuchsin. 

In order to test for the possibility of non-specific Fe binding, the binding of 
125|—F(ab’), anti- H-2Kk was also examined. 10° cpm of the F(ab’), preparation were 
injected iv. into d x d and d x k pregnant mice and the placentas excised 4 and 8 hours 
later. These placentas were processed for autoradiography as described. The distribution 
of the label in target and control syngeneic placentas was examined. This work was 
performed in collaboration with Drs. D.J. Anderson and B.A. Sandow, of the Oregon 


Regional Primate Research Center, Beaverton, Oregon. 


Fetectomy 
BALB/cCR mice mated with BALB/cCR or C3H/HeJ males were fetectomized on day 11 


of gestation. The mice were anesthetized with penthrane and then a midline incision made 
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over the peritoneal cavity. The uterine horn was exteriorized and a small hole made on the 
uterine surface directly opposite to the placental attachment site using two forceps. The 
fetus was removed through the hole and the umbilical cord severed, leaving the placentas 
intact. The pressure inside the uterus was usually high enough to cause the fetus to be 
extruded without further manipulation once the hole was made on the uterine wall. 
Depending on the experiment, either all the fetuses were removed or only the 
fetuses in one horn were removed leaving the other uterine horn intact, as a control. 
Finally the uterus was replaced, and two wound clips were used to close the incision. The 


whole operation was performed under sterile conditions. 


Fate of anti-paternal H-2 antibody bound to the placenta 

10° cpm of }*5I-anti-H-2Kk antibody were injected into d xd and d x k pregnant females 
and the mice anesthetized at different time intervals (from 1 hour to 12 hours) after 
antibody injection. The animals were perfused and the placentas excised. Placental tissues 
from each animal were homogenized in a glass homogenizer to obtain single cell 
suspensions. These cells were washed with 1% heparin-PBS twice and then resuspended 
in 3 ml of distilled water, containing 3 mM phenyl methy! sulphony! fluoride [PMSF] added 
to prevent the degradation of immunoglobulins by enzymes that could be released by the 
cell-rupturing procedures described below. 

The cells were then subjected to ultrasonication at 4°C in order to rupture the 
cells and the cytoplasmic contents collected for analysis of IgG breakdown products. 
Three 10 second periods of sonication were sufficient to rupture a majority of the cells 
using a Biosonik Sonicator [Bronwill VWR Scientific, San Francisco, CA]. The resultant 
mixture was centrifuged at 500 xg for 10 minutes to remove the cell debris and then at 
100,000 xg for 60 minutes to remove the cell membranes. The supernatant containing 
the cytoplasmic contents of the cells was then analyzed for breakdown products of IgG 
by gel chromatography. 

The cytoplasmic extracts were fractionated on Sephacryl-200 [Pharmacia, 
Sweden] A 100 cm x1.2 cm Sephacryl-200 column was prepared and equilibrated with 
PBS, pH 7.2. The column was calibrated with marker proteins of different molecular 


weights. These marker proteins were IgG (molecular weight= 150,000), bovine serum 
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albumin (70,000) and trypsin (24,000). 10° cpm of the samples to be analyzed were 
passed through this column and 1 ml eluate fractions were collected. The radioactivity of 
these fractions were measured in a gamma counter. 

In order to examine the processing of the anti-H-2Kk antibody by other tissues, 
the radiolabeled antibody was injected into BALB/cCR and (BALB x C3H)F, female mice 
and the livers excised after different time periods. These tissues were then processed as 


descibed above and the breakdown products analyzed by gel filtration. 
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Ill. RESULTS 


A. Testing of Anti-H-2 Antibodies 

Every batch of ascites fluid containing anti-H-2 or anti-la antibodies was tested 
in a competitive inhibition assay and compared to the inhibition of binding of }5l-anti-H-2 
or anti-la antibodies to target C3H/HeJ spleen cells, by a reference batch of the same 
antibody (Figure 3). Inhibition curves were plotted for the test batch and for the 
reference batch of the antibody and the 50% inhibiting dose (defined as the amount of 
unlabeled antibody required to inhibit the binding of 10,000 cpm of the labeled antibody) 
calculated. As can be seen in Figure 3, 6 uls of the test ascites are equivalent to about 3.5 
uls of the standard reference batch of the same antibody, by comparing the 50% 


inhibiting dose. 


B. Testing of Redibisbeled Antibodies 

Radiolabeled antibodies were tested in a quantitative absorption assay, wherein 
the binding of labeled antibodies to target spleen cells, was compared to its binding to 
control cells. The results of a typical assay for !*5I-anti-H-2Kk are presented in Figure 4. 
As shown in this figure, 70% of the labeled antibodies bound to the target cells (4 x 10° 
cells), while the binding of this antibody to the non-target control cells was only 5%, 
indicating that the specific activity of the antibody was 65%. 

The specific activities of the different batches of the }*‘i-labeled antibodies 
(anti-H-2Kk, anti-H-2Dk and anti-i-Ak) ranged between 56% and 68%. The intrinsically 
3H—labeled anti-H-2Kk and >°S-labeled anti-H-2K had specific activities of 38% and 44% 


respectively. 


C. Evidence for the Placental Ilmmunoabsorbent Model 

Antibodies directed at paternally—derived fetal alloantigens are elaborated during 
pregnancy. The placenta has been postulated to protect the fetus by absorbing antibodies 
directed at fetal antigens. This series of experiments was performed to address the 


question of whether the placenta can indeed serve as an immunoabsorbent between the 
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Figure 3 —- Competitive inhibition assay to assess the antibody activity of ascites. The 
amounts of a standard batch of antibody (@) and test ascites (O) required to inhibit the 
binding of labeled antibody by 50% were determined. 
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Figure 4 — Quantitative absorption of radiolabeled anti-H-2k antibody by target (H-24) 
spleen cells (@) and control (H-2d) spleen cells ‘O). 
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maternal and fetal circulations. If the placenta can serve as a barrier to the entry of 
anti-paternal H-2k antibodies into the fetus, then anti-paternal antibodies injected into 
maternal circulation would be expected to reach the d x d fetus in higher concentrations 
than the d x k fetus, as these antibodies would be absorbed by the relevant antigens on 
the d x k placenta. To evaluate this prediction, '*‘i-antibodies were injected into control 
(7 x d) and target (d x k) pregnant animals and the uptake of antibodies by the control and 
target placentas and fetuses were compared. 2 x 10° cpm of !*5I-labeled anti- H-2Kk 
antibody were injected intravenously (i.v.) into pregnant mice on day 13 of gestation. The 
animals were sacrificed at various time points thereafter and the placentas and fetuses 
excised. The values obtained were expressed as com per fetus and cpm per placenta. 

The amount of antibody binding to target placentas is markedly higher than that 
binding to control placentas during the first 48 hours after injection (Figure 5). 
Conversely, the amount of labeled material in control fetuses is higher than that in the 
target antigen-bearing fetuses. These results are consistent with the postulate that the 
allogeneic placenta selectively absorbs the anti-paternal H-2 antibody, allowing only low 
levels of antibody to get through into the fetus. 

It is possible that Fc receptors on placental cells may influence the binding 
properties and kinetics of anti-paternal antibodies in the placenta. In order to verify 
whether the Fc receptors in the placenta had an influence on the kinetics of antibody 
uptake and loss in the placenta, ‘I-labeled F(ab’), anti- H-2Kk was injected into 13-day 
pregnant mice and the radioactivity in the intact placentas and fetuses measured at 
various time points after injection, as was done for the IgG antibody. The 
immunoabsorbent effect of the placenta is also seen with the F(ab’), antibody; the level of 
anti-H-2 antibody is higher in the fetus, if it does not bear the relevant target antigen 
(Figure 6). The results also indicate that the peak of binding is quite similar to that seen 
with the IgG molecule, but F(ab’), disappears more quickly from the placenta. This 
suggests that the breakdown of the F(ab’), antic H-2K in the placenta might in some way 
be different from the breakdown of the intact IgG antibody, even though the uptake 


patterns are similar. 


(&5line, Chap((Time Course of Placental Antibody Binding’)> Previous work done in this 
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Figure 5 — Evidence for the placental immuncabsorbent model. The relationship between 
the amounts of #51 present at various time periods in control and target placentas and 
fetuses after a single pulse of }*5I-anti-H-2K& antibody. Each point represents the 
radioactivity cpm/organ +S.D. ( @————-@_ target dxk placenta) g+————_m™__ control 
dxd placenta; @------@ target fetus; M-----M control fetus) 
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Figure 6 — Testing of immunoabsorbent antibody kinetics using F(ab), anti-H-2 antibody. 
The relationship between the amount of }*‘I present at various time points after a single 
pulse of 15i-F(ab), anti-H-2Kk. ( @————-@_—s target dxk placenta; ™=————#s control 
dxd placenta; @-----e@ target fetus; m-----wsm control fetus) 
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laboratory has established that the allogeneic (d xk) placenta expresses 
paternally—inherited H-2k antigens and that these antigens are accessible to maternal 
circulation (Wegmann et a/, 1979). It was considered feasible to enumerate the paternal 
H-2 antigens on the placenta by using this /n v/vo procedure. For this purpose it was 
necessary to first determine the time interval required for optimal binding of antibodies 
to the placenta /n vivo. 

In order to determine the optimal time period required for anti-paternal antibody 
to bind to the placenta, a time course experiment was performed. 2 x 10° cpm of the 
25|—anti-H-2Kk antibody was injected iv. into d x d and d x k pregnant mice on days 10, 
13 and 17 of gestation. The placentas were excised and collected at different time 
periods after the injection of antibodies. The placental tissues were processed as 
described in MATERIALS AND METHODS and the radioactivity of the homogenates then 
measured in a gamma counter. 

Figure 7A, B and C depict the binding of }*‘l-anti-paternal antibodies to target and 
control placentas as a function of time on days 10, 13 and 17 respectively. It is evident 
that maximal binding occurs 6 hours after the injection of antibody, and remains stable 
for a few hours, after which the **5I content of the placentas decreases steadily with 
time. This finding is consistent for days 10, 13 and 17 of gestation. 

In all subsequent studies of placental antibody uptake, the placentas were 


removed 6 hours after the injection of }*5l-antibody. 


D. Quantitation of Paternal H-2K Antigens on the Placenta 

This series of experiments was performed with the objective of enumerating the 
paternally-derived H-2 antigens on the allogeneic placenta. This was accomplished by 
first ascertaining the absorptive capacity of the placenta for anti-paternal antibodies /n 
vivo, by performing dose response experiments. It was then possible to determine the 
maximal absorptive capacity of the placenta and to calculate the density of paternal H-2K 
antigens on the placenta. 

Graded amounts of the ?5l-antibody were injected into BALB females bred with 
BALB males or with C3H/HeJ males. The placentas were removed 6 hours post-injection, 


based on the finding that optimal binding of anti-paternal antibody occurs 6 hours after 
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Figure 7A — Time course of the binding of anti-H-2K& antibody to target (@) and control 
(O) placentas on day 10 of gestation. 
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Figure 7B — Time course of the binding of anti-H-2Kk antibody to target (@) and control 
(O) placentas on day 13 of gestation. 
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Figure 7C — Time course of the binding of anti-H-2Kk antibody to target @) and control 
(O) placentas on day 17 of gestation. 
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injection of antibody (Figure 7). The tissues were processed for gamma counting. 

The uptake of labeled antibody by the target placentas substantially exceeded the 
uptake of the same antibody by control placentas on day 10 (Figure 8A), day 13 (Figure 
8B) and day 17 (Figure 8C) of gestation. There was an increase in the amount of 
antibodies bound by the placenta as gestation proceeded — the older placentas showing 
more uptake per gram placental tissue. This is depicted in Figure 9, where the specific 
uptake of antibody (uptake by d x k placentas minus uptake by d x d placentas) is plotted 
as a function of the amount of radiolabeled antibody injected. The differences, in dose 
responses at different stages of gestation are reflective of the increase in density of 
paternal H-2 antigens on the placenta during its development. In order to estimate the 
density of paternal H-2K antigens on the placenta, the dose response curves (Figure 9) 
were plotted as double reciprocal curves (Figure 10). The intersect of each of these 
double reciprocal curves on the Y-axis theoretically represents the reciprocal of the 
amount of antibody that would bind to the placenta if all the H-2K sites on the placenta 
were to be saturated with antibody Peioning the injection of an infinite amount of 
antibody. The amounts of antibody bound at saturation by the placentas on days 10, 13 
and 17 were thus estimated to be 6,500 cpm/gm, 11,500 cpm/gm and 14,300 cpm/gm 
respectively. As 10,000 cpm of the labeled antibody preparation corresponds to 1 ug of 
antibody protein, the uptake of antibody at saturation is 0.65 ug/gm (day 10), 1.15 ug/gm 
(day 13) and 1.43 ug/gm (day 17) placental! tissue. Since the molecular weight of IgG is 
150,000 daltons, these values correspond to 4.2 x 10°", 7.5 x 10°? and 9.3 x 10°? mol 
antibody molecules bound per gram placenta, or 5.0 x 10” antibody molecules per gram 
placenta on day 10, 8.9 x 10”? on day 13 and 11.1 x 10” on day 17 of gestation. 
Standard errors of these estimates were determined by calculating the standard errors 
of intercepts of the double reciprocal curves. The estimate of the number of H-2K 
determinants on day 10 is significantly different from those on day 13 (p 0.0025) and on 
day 17 (p 0.001). However, even though there is an apparent increase in the 
immunoabsorptive capacity from day 13 to day 17, the values are not significant when 
examined statistically. The experiments were repeated and the difference in 


immunoabsorptive capacities of day 13 and day 17 placentas was found to persist. 


sinensis 2c aaa ala | 
oft babsacxe vibinnedie 2errecely iegral dar vd. sara 
sac? Cf yah (AB eu@ALgr (6b Mo BeiPOLAtG le oe ie 
to-fnuerne bri Sese vay (a Saw edt nila yes 
Orion? STS 2g 16GIO eh! — Habende 1G yh: ak ieee vd bnued 
vee sthaetw © sug ap aatalgih cit suaeit iaviaoale many 794 evlatqu 
bering 4 i eeinbornia & * Gud witen, edewn esinaged Le. Phen og 
seo 1) esinarettib eft eR) _pbalin Setsonioibn te Asmat a no 
to pine i 92ae%on Srtite nba = pean 
sft Startesuat ceb re ( joerasiever at Orr jae: arcaie ott 
(2 guy!) aov wd gerloteey S208 srt stnanelqet ne . 
seam to Ane te iosatstd ery OFS os ies igrd. 
ért te sacacave any 2nese1ge6) vilgodta 5 ed arte ot ri 
aifienein ai? fo, eehe 4S- 4 art jie tr gene elt § ic hind Ye 
te trees archi 15 7a Nese an gemotet soeatilires tivy 
Et OF gyeb oa) ware taig ant ye Nees Te SUSE ve tee 
mgiengs DOE.5 1 besirngin Old 1 arb rqaed Deteanel or sii 
OG | OP abanger nee rol cages bier Hetsgal sdpte pasar 
myge 2) (O° yest Meiav 20 e. coterise fe yh es Years ane nigio uy Be 
3 Ore to pew valle Ce SE go aueee lane ea ‘eel wat te 
meet @ GS Berg et aX) Pore + ot Meee Tet) bean 
i) Sq <eINSREN yodIAG MOT 2 924m Alle rep eq Baad susatun yooudiing 
FA alia i Ti webeoné "Oho nity gneer sabi 408 eR tt ye 90 at 7B: 
ae ia SBanaTe wrt Briltsluate > yl Shihan sel Vorenias seat 14 eee be 
MSM Sea Agen artt 15 sreentine AT #ey leary alos athe echt mea 
Ar-erie AEGON Bet yah ve Sec he Ne TE NM nea titre ai 3? gale io etboweaile rr 
at ef aeeero Ieee rs gh ete nese sibel sophia > 
Fart: trashinye son 976 sovibv Bee VT fitunter ab me 
ed aanerat > sev dicanlleaiininscuiale 
fered ahaMyO! cau seiregelg 61 dade Bt em bo nan 


wpe 


52 


(cpm/gm x 10°3) 
nN 


—t 


I per gram placenta 


125 


eh eA OSES: Se ear ee eee 
297 ANTIBODY “INJECTED! (ocpmox 107 ) 


Figure 8A - Binding of }*5I-anti-H-2Kk antibody to target dxk (O) and dxd (@) placentas 
on day 10 of gestation. Each point represents the mean +S.D. of the cpm per gram of 
antibody bound to the placenta. 
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Figure 8B - Binding of !*4I-anti-H-2K&k antibody to target (CO) and contro! (@) placentas on 
day 13 of gestation. 
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Figure 8C — Binding of '*5|—anti-H-2Kk antibody to target (C) and contro! (@) placentas on 
day 17 of gestation. 
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Figure 9 — Comparison of the specific binding of antibody to target and control 
placentas at different stages of gestation. The curves represent dose responses on day 
10 (4), day 13 (Q) and day 17 ©) of gestation. 
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Figure 10 — Determination of the placental immunoabsorbent capacity for anti-paternal 
H-2K antibody. The intercepts of the double reciprocal curves representing dose 
responses on day 10 (4), day 13 (GQ) and day 17 ©) were used to calculate the placental 
Capacity for anti-paternal H-2K antibody. 
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It is clear that the estimated density of paternal H-2K antigens per gram tissue, 


increases throughout gestation (Figure 1 1). 


E. Quantitation of Paternal H-2D Antigens on the Placenta 

The density of paternal H-2D determinants on the allogeneic placenta was 
estimated in the same manner as described for H-2K antigens above, using C3HA x 
C3H.A as the control and C3H.A x C3H/HeJ as the target pregnancies. The binding of 
25|—anti-H-2D antibodies (specific activity = 61%) to target (d xk) placentas is 
substantially higher than the binding of the same antibody to control (¢ x d) placentas on 
day 10 and 17 of gestation (Figure 12). Double reciprocal curves were plotted using the 
dose response values (Figure 13) and the intercepts of these curves on the Y-axis used 
to estimate the number of paternally—derived H-2D antigens on the allogeneic placenta. 
The density of paternal H-2D antigens on the allogeneic placenta is estimated to be in the 
order of 0.9 x 10? determinants per gram and 1.9 x 10” determinants per gram placenta 
on day 10 and on day 17 of pregnancy respectively. The density of paternal H-2Kk 


antigens on the placenta is about 5 times higher than the density of H-2Dk determinants. 


F. Binding of F(ab), Anti-H-2K by the Target Placenta 

It is possible that the anti-paternal H-2 antibody binds directly to paternal H-2 
determinants on placental cells exposed to maternal circulation; however, it !s also 
possible that this antibody binds initially to Fc receptors on the placenta and ts then 
transported to sites where paternal antigens are expressed. In order to verify whether 
the binding of this antibody initially takes place via its Fc portion, the binding of F(ab), 
anti-H-2K was compared to the binding of intact anti-H-2K antibody to the allogeneic 
placenta. Identical binding patterns of both, the F(ab’), and the IgG antibody, would obviate 
the need for Fc mediated transport while a difference in the binding patterns would 
suggest that the anti-paternal antibody has to go through a process of Fc mediated 
transport in order to reach the antigenic sites in the placenta. 

Dose response curves were constructed by determining the uptake, by the 
allogeneic and syngeneic placentas, of various doses of the radiolabeled F(ab’),. Graded 


amounts (ranging from 5 x 104 cpm to 8 x 10° cpm) of the ‘I-F(ab’), antibody (specific 
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Figure 11 — The estimated density of paternal H-2K antigens on the placenta at different 
stages of gestation. The numbers of H-2K determinants per gram (+S.E.) are estimates 
for day 10, day 13 and day 17 placenta. 
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Figure 12 — Binding of radiolabeled anti-H-2Dk antibody to target and control placentas 
on days 10 and 17 of gestation. ( O————O target day 10 placenta; ¢————_-@ 
control day 10 placentas O---—--O_ target day 17 placenta; @----@ control 
day 17 placenta) 
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activity=60%) were injected into syngeneically and allogeneically pregnant mice. The 
uptake of radiolabeled F(ab’), by the placentas was then assessed 6 hours later. The dose 
response curve for F(ab’), placental uptake is essentially identical to that obtained using 
intact antibody (Figure 13A). These data were replotted in double reciprocal fashion to 
determine the number of H—-2K antigens detected by the F(ab’), preparation (Figure 138). 
This estimate is 10.4 x 10! (£0.83 x 10”) determinants per gram d x k placenta, which is 
statistically similar to the estimate of 11.1 x 10! per gram obtained using the whole 
immunoglobulin. 

It is clear therefore, that Fc receptor binding is not a necessary pre-requisite for 


H-2K binding from the maternal side. 


G. Effect of Fetectomy on Placental Immunoabsorption of Anti-Paternal H-2K 
Antibody 

It has been suggested that the immunoabsorbent ability of the placenta may be 
attributed to the presence of fetal lymphoid cells expressing antigens of the paternal 
haplotype, circulating in the placenta (Swinburne, 1970). On the other hand, the placenta 
might be capable of synthesizing its own H-2 antigens and in that case the 
immunoabsorbent effect would not be dependent on fetal circulation through the 
placenta. In order to determine whether the immunoabsorbent capacity of the placenta 
can be influenced by the lack of fetal cells in the placenta, pregnant mice were 
fetectomized on day 11 of gestation and the binding capacity of the placenta then 
measured at different intervals following fetectomy. Non-fetectomized placentas in the 
opposite horn and non-fetectomized mice served as controls. 

When only one uterine horn was fetectomized, the fetuses in the other horn 
usually developed normally and were delivered in a normal manner. The fetectomized 
placentas developed slowly as compared to the controls and the increase in weight of 
the fetectomized placentas during gestation was minimal (Table 2). 

Mice were fetectomized on day 11 and the uptake of anti-paternal antibody 
measured 2, 4 and 6 days after fetectomy. 2 x 10° cpm of the radiolabeled anti-H-2k 
antibody were injected into each fetectomized or control mouse and the binding of 


antibody assessed 6 hours later. The uptake of antibody per gram placenta did not 
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Figure 13A — Binding of F(ab), anti-H-2Kk to target dxk (OQ) and control dxd (Q) placentas 
on day 17 of gestation. 
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Figure 13B — Determination of placental immunoabsorbent capacity for F(ab’), 
anti-paternal H-2Kk antibody. The intercept of the double reciprocal dose response 
curve was used to calculate the placental capacity for F(ab), anti-paternal antibody. 
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TABLE 2 
Weight in grams of placentas obtained from fetectomized and non-fetectomized uterine horns.* 


NUMBER OF DAYS POST-FETECTOMY 
4 


PLACENTAS FROM 2 

Fetectomized O:06).270:0;1 O:0 72+ 6:0:1 0.08 + 0.02 
horns 

Control horns Osi Ze OOM Os 0:02 One = 0:02 


* Fetectomy was performed at day 11 of gestation. 
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change when examined 2, 4 and 6 days post-fetectomy (Table 3). This indicates that the 
placenta is capable of synthesizing its own H~-2 antigens after day 11, suggesting that a 
regular influx of fetal cells to the placenta is not necessary for the placenta to be able to 


absorb anti-fetal antibodies from maternal blood. 


H. Autoradiographic Localization of Paternally-Derived H-2 Antigens in the Placenta 

These studies were performed with the objective of localizing paternal H-2 
antigen—bearing cells in the allogeneic placenta. Three different antibody preparations 
were used in this study : }?4l-anti-H-2KkK. }*5|-F(ab'), anti-H-2K& and intrinsically labeled 
sH—-anti-H-2Kk. Using the /7 v/vo procedure described in the MATERIALS AND 
METHODS section, the binding pattern of anti-paternal H-2K antibodies to target 
allogeneic placentas and non-target syngeneic placentas was examined. 

The control placentas showed no labeling whatsoever, with all the three antibody 
preparations tested. The perfusion step apparentiy removed unabsorbed antibodies from 
the vasculature of the placenta. 

In the target placentas, binding was principally seen in two areas. The most intense 
binding was observed on the parietal endoderm cells in the lateral aspects of the 
placenta, where the yolk sac inserts into the lateral edges of the placenta (Figure 14). 
Some of these densely labeled cells clearly resemble macrophages or monocytes, are 
esterase positive and lie within the endodermal sinuses (the Crypts of Duval) (Figure 15, 
16). Labeled monocytic cells were also observed in the allantoic mesoderm; some of 
these labeled cells appeared to be infiltrating the visceral wall of the endodermal sinuses 
suggesting that they are migratory cells. 

The second major area of radiolabeling occurs in the spongiotrophoblast area. 
Many of the labeled cells lie in direct contact with maternal circulation as they border 
maternal blood spaces. The distribution of label in the spongy zone was uneven, with 
many areas appearing unlabeled, others exhibiting light to moderate labeling. The intensity 
of label per cell in this region was considerably lower than that seen in the endodermal 
sinuses, indicating that the paternal antigen density in this area is probably low (Figure 17, 


18). 
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TABLE 3 
Effect of fetectomy on placental immunoabsorption of anti-paternal antibody.* 


CPM/GM PLACENTA OF NUMBER OF DAYS POST-FETECTOMY 

FETUSES FROM 2 4 6 
Fetectomized horns 1892 +212 2391+193 Ze5o 2127 
Non-fetectomized horns 2020+ 69 242325 49 PAS ORS Aare 
Control mice 1884+ 79 2596 + 200 Boe a1 47 


(Non-fetectomized) 


* Fetectomies were performed on day 11 of gestation. 
** Each value represents com !*5I-anti-H-2Kk per gram placenta + S.D. 
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Figure 14 — Radiolabeled parietal endodermal cells within the endodermal sinuses of an 
allogeneic placenta. 
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Figure 15 — Radiolabeled degenerating cells in the endodermal sinuses (x 1 140). 
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Figure 16 — Autoradiogram revealing densely labeled cells of monocytic or 
macrophage-like appearance in a target placenta. Labeled monocytic cells were found 
throughout the endodermal sinus region bordering the amniotic cavity on the fetal side of 
' the placenta (x980). 
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Figure 17 — Autoradiogram revealing labeled spongiotrophoblast cells in the spongy zone 
of a dxk placenta (x 1 140). 
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Figure 18 — Autoradiogram revealing labeled spongiotrophoblast celis in a target placenta. 
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Most of the labyrinthine region of the allogeneic placentas was devoid of label, 
except for an occasional lightly labeled cell. These uncommon cells were vacuolated 
suggesting that these may have been infiltrating spongiotrophoblast cells. Giant cells and 
decidual cells exhibit no anti-paternal H-2 antibody binding. 

These patterns of labeling were seen at various time points after the injection of 
the antibody — from 1 hour to 8 hours — with very little qualitative differences in the 
distribution of the label. This pattern was also seen on day 13, day 15 and day 17 
placentas. }**I|-F(ab’), binding was identical to that of the intact anti-H-2K antibody, 
confirming the previous finding that Fe binding plays no role in the binding of 
anti-paternal H-2 antibodies by paternal antigen bearing cells in the placenta. 

The unique finding in these experiments was that paternally—derived H-2K, a 
major transplantation antigen, is present on spongiotrophoblast cells in direct contact 


with maternal circulation and on endodermal cells of the yolk sac plexus. 


|. Antibody Turnover in the Placenta 

In order to qualify as an efficient immunoabsorbent sponge, the placenta should 
be able to re-express it's antigens after antibody binding has occured; this may be 
accomplished by turning over the bound antibody either by digestion or by release as 
antigen-antibody complexes. This issue was addressed by determining the time required 
by the placenta to re-express its paternal H-2 antigens, after these antigenic sites are 
bound by antibodies injected into maternal circulation. To investigate the time kinetics of 
placental antibody turnover, unlabeled anti-H-2Kk antibody was first injected at different 
time points prior to the estimation of the immunoabsorptive capacity of the placenta on 
day 17, using radiolabeled anti-H-2Kk antibody. It was thus possible to determine the 
time taken by the placenta to regenerate its immunoabsorptive capacity ie. it's H-2K 
antigens, after binding the unlabeled antibody. 

The 75% inhibiting dose of the unlabeled antibody was first determined. In order 
to do this, 2 x 105 cpm of the }75I-labeled antibody were mixed with graded amounts of 
unlabeled antibody and injected into BALB/cCR females pregnant by BALB/cCR or by 
C3H/HeJ males on day 17 of gestation. Six hours later, the placentas were removed and 


the residual radioactivity in the placentas determined. The inhibition of binding of antibody 
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to the target placentas (cpm of antibody bound to target placentas minus cpm of 
antibody bound to control placentas) was plotted as a function of the dose of unlabeled 
antibody (Figure 19A); this curve indicates the amount of unlabeled antibody required to 
inhibit the binding of 2 x 10° cpm of the labeled antibody by 75%. 50 uls of the unlabeled 
antibody was required in order to cause 75% inhibition of the binding of 2 x 105 cpm of 
the radiolabeled antibody. 

Therefore 50 uls of the ascites fluid were injected iv. into target (¢ xk) and 
control (d x d )pregnant mice. At different time intervals after this (ranging from 2 hours 
to 72 hours), 2 x 10° cpm of the radiolabeled antibody were injected and the placentas 
harvested 6 hours later. The immunoabsorptive capacity of the placenta was plotted as a 
function of time (Figure 19B) and this curve indicates that the absorptive capacity of the 
placenta returned to normal 48 hours after the injection of unlabeled antibody. Thus 
paternally—derived H-2K antigens in the placentas are fully re-expressed 48 hours after 
binding the corresponding anti-paternal antibodies and are once again available for 


binding by anti-H-2K antibody. 


J. Fate of Anti-H-2 Antibody in Target and Control Placentas 

Cytoplasmic extracts prepared from target antigen—bearing placentas at different 
time points after the injection of 10° com of I-labeled anti-H-2Kk antibodies, (specific 
activity = 63%) were analyzed by S-200 chromatography. The elution profiles of these 
extracts indicated that a proportion of the radiolabel within placental cells was associated 
with fragments smaller than intact IgG. One hour after the injection of antibody the 
radiolabeled material eluted as three peaks, the first peak corresponding to undegraded 
IgG and the other smaller peaks corresponding to smaller fragments of the IgG protein 
(Figure 20A). Four hours after injection, the antibody appeared to have been degraded 
into even smaller fragments; indicating extensive degradation (Figure 21 A). 

The control placentas presumably bound the antibody only by its Fc portion, no 
degradation of the antibody was evident until 6 hours after injection (Figure 20B, 21 B). 
When contro! placentas were examined 6 hours after antibody injection, some 


degradation of the labeled protein was observed (Figure 22 B). 
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Figure 19A — Determination of the dose of unlabeled antibody required to inhioit the /n 
vivo binding of }25I-anti- H-2K to the placenta. Varying amounts of the unlabeled 
anti-H-2Kk antibody were mixed with 2 x 10% cpm of the radiolabeled antibody and 
injected into target and control pregnant mice. Six hours later the placentas were 
processed and the cpm/gm assessed. Control dxd values were subtracted from the ~ 
target dxk values before plotting as a function of the dose of unlabeled antibody initially 


injected. 
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Figure 19B - Determination of the time required for the placenta to regain its 
immunoabsorbent capacity for anti-H-2K antibody. (OQ syngeneic control; 4 allogeneic 
control without unlabeled antibody; O allogeneic, with unlabeled antibody) 
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Figure 20 — Fate of anti-H—-2K& antibodies 1 hour after injection /n (A) target dxk 
placentas, (B) control dxd placentas, (C) serum from dxk pregnant females and (D) serum 
from dxk pregnant females. 
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Figure 21 — Fate of anti-H-2Kk antibodies 4 hours after injection //n (A) target placentas, 
Bidartol placentas, (C) serum from target pregnant females and (D) serum from control 


pregnant females. 
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Figure 22 — Fate of anti-H-2Kk antibodies 6 hours after injection /n (A) target placentas, 
(B) control piacentas, (C) serum from target pregnant females and (D) serum from control 
pregnant females. 
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There is therefore a marked difference in the manner in which anti-H-2 antibody 
is processed by target antigen—bearing and (control) placentas. Whereas the anti-H—-2 
antibody is ingested and degraded by the allogeneic placenta as early as one hour after 
injection; degradation by non-antigen bearing placentas appears to start six hours after 
injection. 

Analyses of Serum for IgG Degradation Products 

Sera were obtained from d x d and d x k pregnant females injected with 
25|—anti- H-2k and were analyzed for degradation products of IgG by S-200 
chromatography. 

Elution profiles of serum samples from target pregnancies indicate that the 
radiolabeled protein elutes in the position of intact IgG for the first two hours after the 
injection of antibody (Figure 20 C). 3 hours after injection, an additional peak is observed, 
indicating the presence of breakdown products of IgG in the serum (Figure 21 C). At the 
6 hour point further degradation is observed (Figure 22 C). 

Serum samples from syngeneically pregnant (control) females do not have 
demonstrable IgG breakdown products until 6 hours after the injection of antibody 
(Figures 20 D, 21 D, 22 D). 

Though it is possible that the IgG degradation products seen in the serum may 
have been released by other tissues such as maternal liver or kidneys, the fact that these 
fragments appear in the serum of target pregnancies earlier than in the serum of control 
pregnant animals. suggests that the origin of the breakdown products seen in the serum 
is in the conceptus. 

It is interesting to note that there was no evidence for the presence of 
antigen-antibody complexes in the serum of pregnant mice injected with anti-H-2K 
antibody. The elution profiles show that the labeled material, in no case eluted before IgG, 
indicating that within the limits of detectability, the anti-H-2K antibody is not released by 


the placenta into maternal circulation in the form of antigen-antibody complexes. 
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Anti-H-2 Antibody Degradation in the Liver 

To compare the processing of anti-H-2 antibody by the placenta with that by the 
liver, BALB and (BALB xC3H)F, animals were injected with 10° cpm of 325l-anti- H-2Kk 
antibody and the livers excised at different time points thereafter. Cytoplasmic fractions 
were obtained from liver tissue (as in the case of placentas) and these fractions were 
examined for antibody breakdown. 

The (7 x A)F, livers showed no evidence of antibody degradation until 3 hours 
post-injection (Figure 23 A). IgG breakdown in the liver is first seen 3 hours after the 
injection of antibody (Figure 23 C). The non antigen-bearing control liver shows no 
evidence for antibody breakdown during until 6 hours after antibody injection (Figures 23 
B, D) 

This clearly indicates a difference in the time kinetics of antibody breakdown 
between the placentas and the liver. Whereas antibody breakdown in the placenta is seen 

as early as | hour after antibody injection, degradation in target livers appears to take 


place 2 hours later. 


K. Examination of Paternal |-A Antigens on the Allogeneic Placenta 

Class | (H-2K and H-2D) antigens constitute the first signal in the generation of 
specific alloreactivity in histoincompatible allograft reactions The second signal Is 
supposed to be provided by Class Il (la) antigens. As la antigens are potent helper 
determinants in allogeneic reactions, the presence of paternally—derived la antigens on 
the allogeneic placenta was examined using monoclonal anti-|-Ak antibodies. 
125|—anti-I-Ak antibody (specific activity = 66%) was injected into d x d and d x k 
pregnant females (4 x 10° cpm per animal) on day 17 of gestation and the uptake of 
radiolabeled antibody measured 6 hours later. 

There were no detectable differences between control (7 x d) and target (d xk) 
placentas, in the uptake of anti-i-Ak antibody (Table 4).These results suggest that paternal 


strain I-A antigens (specificity 17) are not expressed in detectable levels on the placenta. 
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Figure 23 — Fate of anti-H-2Kk antibodies in the (7x&)F, liver 1 hour (A) and 3 hours (C) 
after injection and in the H-2d (control) liver 1 hour (B) and 3 hours (D) after injection. 
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TABLE 4 Lack of expression of paternal I-A antigens by the allogeneic placenta. 


DAY OF PLACENTAL FETAL 

GESTATION PREGNANCY CPM/GM + S.D. CPM/GM + S.D. 
ig Syngeneic (d x d) 13k AS 247 SSS 73 
12 Allogeneic (d x k) IMSSie23n 754+ 81 
7 Syngeneic (d x d) 1414+ 105 1394 + 149 


7 Allogeneic (d x k) Pies 01-06 15057304 
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IV. DISCUSSION 
Pregnancy calls for some precisely coordinated physiological processes, among which 
are those that are required for protecting the embryo from maternal immune rejection. 
Many different mechanisms may contribute to this task — suppression of maternal 
lymphocytes, physical protection by decidual cells creating an immunologically privileged 
site for the embryo and perhaps most important, unique immunological properties of the 
placenta which may help avoid the potential rejection reactions resulting from 
fetal-maternal histoincompatibility. 

There is no question that the trophoblast is a unique and peculiar tissue, especially 
from the perspective of the transplantation biologist. The trophoblast is in effect an 
intra-uterine allograft since it is a foreign tissue in direct and continuous contact with 
maternal tissues, either in close cellular abutment or bathed in maternal blood. Thus the 
trophoblast is in a strategic place where maternal—fetal interactions occur. While 
trophoblasts of ungulate species and carnivores generally invade the maternal uterus only 
slightly or moderately, the trophoblast of the hemochorial placentas of primates and 
most rodents, invades deep into uterine stromal tissues and opens up maternal blood 
capillaries to bathe the trophoblast surface. In the light of the anatomical arrangement of 
the placenta, one of the most crucial questions in maternal—fetal immunology relates to 
the antigenicity of the placenta. The transplantation of a tissue graft to a 
histo-incompatible host results in conventional host versus graft immunity leading to 
graft rejection. While a great deal is known about the major histocompatibility 
alloantigens on conventional tissue grafts, there has been a lack of conclusive data 
concerning the presence of histocompatibility antigens on the placenta. 

The elegant studies of Rossant and her colleagues (1982) have provided 
convincing evidence regarding the role of the trophoblast in the immune protection of 
the fetus. Mus caroli blastocysts transplanted into the uterus of a Mus musculus female 
were rejected, apparently immunologically, by day 11 of gestation. However, blastocysts 
reconstituted by microsurgery, possessing ICM of the M. caroli type alone and the 
trophectoderm entirely of the M musculus type, were viable and were delivered normally 
with no signs of immunologically mediated pathology. Furthermore, Croy et a/ (1982) 


transplanted EPC from M. caroli and M. musculus to kidney capsules of immunized M. 


Holl QeNON eHeaeONg: 
ney alle eRe haere ret vaca concise 
lernetarn he holesetqqua ~ seer eit at dire dei 7 
heGeiiit VIS IQOROMURIMT me griseR elite: dnaakonty yet nolasenang pale 

ott to esirmadong tenigetanerutl eryions Unétiogm ipem sasrrag bre oid 
NO)! QreASY EMOTE AONSaTT nteretce bps o- en " re 
¥ ‘ . " 7 : 

yiiameds® yeni? i989 bes supitYs ‘ a Yanidarigore ort tart on On ai areal ~ 
* (ott ob a Pegitionciod’ ent ‘ngalois nodetnniqers or 
rbivy Soma eycissr secre towra: eeyeeailg 111 onaelailt? agiere? epee 
 tooldes esa abeeried ww martingale whites adoto ators 
slic yaad sAgromneth Itty hea enary Soaly TigapR TE’ & 1 9m 
Jno qunenY isonet ect sane YRNBS 2ercvielD tei asindae-emnllinny 10 i 
bia ested to asinedely lenorsamed ae te tesidiogiont art vstwnebom ve 
boo linen Gu evene ans aavaeit lapnotm ately dntidl tanh sane 

to tnerasonevia Gimesera st teeorigi asG if ame Fae raicartyore arte ites ae sisal 
28fee? (polar gre) —larmaiars cv neni fake ae wt Ne . 
Gol Tew auealt «lea stor sinSasig ort vo 
0} QAieet! ytithiminl step ede i te OF lsewarawng> 1 eign Teor 
NWictyeanevotent 10nd. at iui ict tear es tir? noitgeier 
wt? ovieUlono® Fo Woke deed wert stip aan irae ne gir 


x 


to neiets ie Bibi! eet a iwisaertae) oF 


sient auluonuis aul &\¥o susan = . sie 


Shinto’ benaviles Sev Bris McGiv a : ey ie 
ISBT) We ve wad xcomenid: 


83 


musculus mice and they observed a massive lymphocytic infiltration of M. caroli grafts 
alone, indicating that the xenogeneic trophoblast was recognized immunologically. The 
trophoblast thus seems to play an immunoprotective role. One other conclusion more 
pertinent to the present discussion, is that the antigenicity of the trophoblast appears to 
be crucial in determining the outcome of pregnancy. The presence of an intervening 
trophoblast expressing antigens foreign to the mother, appears to elicit anti-fetal 
reactivity in the mother, while a trophoblast not foreign to the mother protects the fetus 
that /s foreign to her. One does have to take into consideration the fact that the 
pregnancies in these studies were interspecific and this thesis relates to intraspecific 
pregnancies. However, if these findings may be extrapolated to intra-specific 
pregnancies, then one may conclude that the trophoblast provides the major 
immunogenic stimulus to the maternal immune system. Lawler et a/ (1974) have 
demonstrated the presence of anti-HLA antibodies in sera after molar pregnancies which 
suggest that the mother need not be exposed to allogeneic fetal cells in order to mount a 
response against fetal antigens. The trafficking of immunogenic doses of fetal cells into 
the mother, has not been convincingly demonstrated. If the trophoblast is indeed the 
major immunogenic stimulus, then the antigenicity of the placenta, and of the trophoblast 
‘in particular, is very important. Considerable research has been directed at verifying 
whether paternally-derived MHC antigens are expressed by placental cells in allogeneic 
pregnancies. As discussed earlier (see INTRODUCTION) paternal H-2 antigens appear to 
be restricted to the embryonic compartment of the 7.5 day conceptus (Patthey and 
Edidin, 1975) and there may be a low density transient expression of H-2 antigens on the 
trophectoderm just prior to implantation (Jenkinson, 1981). At implantation, the embryo 
appears to present an outer surface deficient in alloantigens and consequently the 
possibilities of maternal recognition or immunological attack are reduced. Early during 
post-implantation development, the trophoblast of the EPC appears to be devoid of 
detectable H-2 antigens, but the ICM-—derived egg cylinder continues to express H-2 
antigens (Jenkinson and Billington, 1974). A variety of different /n v/tro tests have been 
employed to investigate the possible existence of H-2 antigens on the placenta. These 
include immunofluorescence, cytotoxicity, immune adherence and /7 v/vo transplantation. 


Most of these approaches have failed to fulfil all the essential criteria for the unequivocal 
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demonstration of histocompatibility antigens on the cell surface of mature trophoblast 
cells. The drawbacks include lack of sensitivity and specificity and the use of 
morphological criteria alone to identify trophoblast cells in suspension is not entirely 
reliable. Furthermore, the question of whether these antigens, if present, are exposed to 
maternal circulation was unanswered. This question is especially important because the 
presence of paternal alloantigens in the placenta would be irrelevant if these antigens 
were to be sequestered from maternal circulation. This question was addressed in this 
study and has been resolved. The use of the /n vivo approach, wherein radiolabeled 
anti-H-2 antibodies are injected into maternal circulation has provided us with the means 
to demonstrate that paternally—derived H-2 antigens are present in the placenta and that 
these antigens are accessible to maternal blood (Raghupathy et a/, 1981). 

When #*5|-labeled anti-H-2Kk or anti-H-2Dk antibodies are injected into pregnant 
females, a highly significant differential absorption of the label to the target (¢ x k) 
placentas as opposed to the control (d x d) placentas was observed. Two specificity 
controls were included in studies previously reported by Wegmann et a/ (1979) i rule 
out non-specific effects. }*5l-labeled non-specific IgG did not show the differential 
placental uptake. Syngeneic and third party controls appeared identical in their labeling 
pattern, if the third party strain was noncross-—reactive with the target strain. If the third 
party strain was cross-reactive, an intermediate amount of labeling was obtained. These 
| controls rule out differential binding on any other basis than H-2 (Wegmann et a/, 1979) 
and the simplest interpretation of these results is that paternally—inherited H-2 antigens 
are present in the placenta in a manner accessible to maternal blood. The use of 
monoclonal anti-H-2K and anti-H-2D antibodies has helped improve the the genetic 
definition of the immunoabsorptive antigens. 

That the antibody was not artifically altered during its preparation has also been 
previously demonstrated (Wegmann et a/, 1980). Unlabeled antibody was tested for its 
ability to competitively inhibit the binding of purified *l-labeied antibody to H-2k 
leukemia cells (7 vitro and to the placenta /n v/vo. This study demonstrated that the 
labeled antibody preparation and the unlabeled antibody were both competing for the 
same binding sites on the leukemia target cells. The purified and labeled antibody is 


therefore unaltered with respect to its combining site. 
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Purified, radiolabeled antibodies, with specific activities of at least 60% were 
used in this study to estimate the number of placental paternally-derived H-2K and H-2D 
antigens, functionally exposed to the maternal circulation. The use of double reciprocal 
curves plotted from dose response curves permits the estimation of target antigens on 
tissues /n vivo ina simple and straightforward manner. The earliest gestational stage the 
placentas were investigated for paternal H-2 antigens, was day 10 and at this stage H-2 
antigens are clearly detectable. The densities of H-2K and H-2D antigens on the placenta 
continue to increase until day 17 of gestation. Thus the absorptive capacity of the 
placenta increases throughout gestation. The actual densities of H-2 antigens measured is 
probably a minimal estimate. First, the estimates obtained assume that the mother makes 
no antibody response, i.e., that a// available antigenic sites are exposed. Second, the 
assumption is made that there is no antibody turnover in the placenta, which, based on 
evidence described in this thesis, is incorrect. Time course experiments indicated that 
maximal antibody binding to the placenta occurs 6 hours after the injection of antibody. 
Therefore all quantitation studies were performed using this parameter and during this six 
hour interval the antibody may have been turned over in the placenta; the binding of 
antibodies by tissue antigens is presumably a dynamic and continuous process. Although 
the actual estimates obtained may be low, the relative immunoabsorbent capacity 
measured shows a definite increasing trend from 5x10 H-2K antigenic determinants 
per gram placenta on day 10 to 11x10” determinants on day 17 and from 0.9x 107? 
H-2D determinants on day 10 to 1.9x 101? determinants on day 17. 

Paternally-derived H-2K antigens are expressed at a density that is five times 
higher than the density of H-2D antigens; this difference in the densities is substantially 
significant. Chatter jee—Hasrouni and Lala (1979) found a somewhat lower binding of 
anti-H-2D antibodies as compared to anti-H-2K antisera, to dispersed placental cells /n 
vitro; they attributed this difference to differences in antibody affinity and antigen 
immunogenicity. However, H-2K& antigens on spleen cells appear to be expressed in 
concentrations substantially higher than are H-2Dk antigens (O'Neill and McKenzie, 1980). 
Furthermore, although H-2K and H-2D antigens appear to have equal effects on graft 
survival, the K and D loci display a certain asymmetry (Klein, 1975). H-2D determinants 


appear to be generally weaker than H-2K, as measured by MLR, g-v—-h and other assays 
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(for review see Klein, 1975). Thus the asymmetry of K and D antigen densities in the 
placenta, may simply reflect the asymmetry observed elsewhere. 

The experiments with Fiab), anti-H-2Kk monoclonal antibody lend credence to 
previous findings in this laboratory (Wegmann et a/, 1979) that Fe receptor binding is not 
a necessary pre-requisite for placental uptake of anti-H—-2Kk. It is conceivable that while 
paternal H-2 antigens are accessible to maternal blood they are partially sequestered in 
that the anti-H-2 antibodies may have to go through a process of Fe binding and 
Fc-mediated transport to internal sites where H-2 antigens may be expressed. 
Radiolabeled F(ab’), anti-H-2Kk was used to re-examine the immunoabsorbent capacity 
of the placenta. Dose response curves of the F(ab), and intact IgG were both essentially 
identical. The estimated density of H-2K antigens on day 17 placentas was also 
essentially the same, when estimated using F(ab), and the intact antibody. These results 
indicate that the F(ab’), fragments of the antibody have access to the antigens and the 
antibody therefore does not have to undergo initial Fe binding. This indicates that paternal 
H-2 antigens are exposed directly to maternal blood. 

The survival and growth of the trophoblast in spite of its proximity to maternal 
tissues and its expression of paternal alloantigens, may be attributed to a low-density 
expression of these antigens. Furthermore, anti-H-2 antibodies may block these antigens 
on the placenta rendering them inaccessible to alloreactive maternal cells, if any. 

In view of the expression of paternally—derived Class | MHC antigens by the 
allogeneic placenta, it was essential to ascertain whether paternally derived I-A antigens 
are expressed as well. The proliferation of specific alloreactive T cells is the first of a 
series of immunologic reactions that occurs in a histoincompatible allograft rejection 
sequence. At least two main signals are supposed to be involved in the activation of 
alloreactive T cells against allografts (Lafferty and Cunningham, 1975; Bach et a/, 1976). 
Signal 1 is provided by the ubiquitously occuring Class | alloantigens, which induce 
precursor alloreactive T cells to proliferate and signal 2 is the help provided by specific 
T helper (Th) cells; these Th cells are supposed to be induced by Class II alloantigens (Bach 
et a/, 1976). Thus Class | and Class II antigens appear to play potentially different roles in 
the series of events that comprise an allograft reaction. la antigens are suggested to play 


an important role in the /n/t/a/ triggering of an immune response to allogeneic tissue 
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(Thorsby et a/, 1978). Therefore whilst viewing the conceptus as an allograft, it was 
considered essential to determine whether Class II alloantigens are indeed present on the 
placenta at the maternal—fetal interface. 

Using radiolabeled monaclonal anti-|-Ak antibody, no evidence was obtained for 
differential binding of anti-I-Ak antibody to the target d x k placenta. The uptake of 
anti-I-A antibody by target and control antibodies was measured on day 13 and day 17 
and the results indicate that paternally—inherited I-A molecules are missing from the 
placenta at the stages tested. An important point to consider is the sensitivity of this 
assessment technique. One may argue that there may be a low level expression of la 
antigens, below the level of detectability of this assay. The bulk of the evidence argues 
against such a conclusion. The lack of I-A antigen expression correlates with the results 
of Chatter jee—Hasrouni and Lala (1981) who used a sensitive radioautographic technique, 
using highly specific antibodies directed at la antigens. No significant level of la antigens 
was demonstrable on the surface of trophoblast cells at gestational stages ranging 
between 12 and 17 days. The same dissociated cells did exhibit binding of anti-H-2D 
antibodies, demonstrating the reliability of the technique. Jenkinson and Searle (1979) 
have previously reported that post-implantation embryos, early trophoblastic tissues and 
trophoblasts from definitive placentas, were uniformly negative when tested in an 
immunoperoxidase assay with anti-la antiserum. The monoclonal antibody described in 
this thesis is directed at la specificity 17 and the antiserum used by Chatter jee—Hasrouni 
and Lala (1981) was capable of detecting la specificities 1,2, 3, 7, 15, 17, 19 and 22. 
Thus a whole range of la specificities have been investigated and the lack of la antigens 
on the placenta has been confirmed by other laboratories too. The absence of la antigens 
on murine trophoblast cells corresponds with the reported absence of la—like antigens on 
the human placenta (Faulk et a/, 1977). 

In summary, there is a consensus that the placenta expresses paternally—inherited 
Class | alloantigens but lacks Class Il antigens. A question that is highly relevant at this 
point is whether the lack of Class Il antigens may be responsible for the absence of 
successful maternal anti-fetal rejection reactions in pregnancy. 

Analyses of MLR and GVHR assays, which measure primarily the proliferative 


phase of the allograft reaction, indicate that the strongest proliferative stimulus is 


saw h Hiargolis on ce aqenon if) 
sel fo Magee beebrt si 2eeniinedile fh 


oo? weninee gealgonshve on secdans eee 
'o ekenQMiert atoeysiy Wa & ren eon aacrmm rind 
(ip bps BC-Yab no co tceser gGwsaltigadtans forge far 
ot rnont gelagin ow <aivoehien Arf jah aeabeineadaiaita 
ir to. CVT ott 2) Cenietiey > Og roa A ta sh 
3) 16 rohan vel wells eal “an yoertt sett. sugte yer 1 

29Up ae Sonat to sud.eitl yomeme are —poinaeane 

wes: ol) Hew Sew OS Nosso°Gas PewINE s oe aT | 
apiiizet siigsIpeivkowe evlunse s Hass ois ah bas ra) 
acne 6! to tavetimepi tiene olf @negoos B ys conse shee 
regs GGiNe 'arigitace,- mm ihe Js Secraner a etait eet ine mT Se 
IS-H-ime howgyibnnet Teiries ‘shyla Setar amie aiad aT ayeb a orm 
O°A)) si wade joetdrsl..cugietean ee ta (heDeln ae | 
rite ying aay eae ee ee 
6 /) pares? fatw atiepen vinnie Saw ARATE OE AS 
badishaek: iPosink engiacten seT TUR, iit tty YG4e5 Oe wnt 
ss (tla? yernpao iy eure eA en RY ytioltipsae a) i Delsey sreeedt 7 
ssore 2 TT Gi 7 6. Seleahaageslanitostal tp eds aio np BEF aad 7 
-yapitie al té igat errs ese teayil ead pad aitoitioege 3! roman sto 8 sua | 
Sore 2! 24: = Sreedel pk cop aitetarigthal Tafa Yd. Bae o9 Sega iRINRCN BNO” 
Nee RII GAN al) V0 serge tantoghr art sti aphid or alien =SIHCNQS TM anitum NO q 
_  FTRT Ao we thus) stmacelg nema ett 
ieee — y ere neg cst am gaa a lnsanos yer eb _ 
CP Is Jeyvaten yh igi ef fect -cwllgaup 
loworeeds art vt Sictlargaegs ant seth 
ror alae hei moerdngidtezeqque 
avisarst 1G ery dISIN® sua Fee eyBieR RINE pom -e A. 


21 SUlUTD ATE SNS SeaQKo we set mie ameglony: misitoners tewpolle. oft hy sas 
: . ak 


: ore ‘ as o ot 
: - . | an 


88 


provided by Class Il antigens on stimulator cells; there seems to be no doubt that 
lymphocyte—activating determinants in MLR are carried by the same molecules that bear 
the serologically detectable la determinants (Klein, 1981). However, somewhat weaker 
and more variable stimuli are provided by Class | antigens as well (reviewed by Klein, 
1976). It seems fairly clear that the recognition of Class | target determinants may not be 
a sufficient stimulus for the comp/ete differentiation of T cells, and second signals are 
needed (Bach, 1980). This second signal appears to be provided by Class II antigens but 
an interesting fact is that the second signal may also be induced in the absence of 
“foreign” Class Il antigens. Alter and Bach (1979) suggest that the alternative second signal 
in an MLR may be the product of a non-Tc cell activated by the same or the Class | 
alloantigens. Lafferty (1980) suggests that the second alternative signal is provided by a 
lymphocyte costimulator which is a product of a Th cell in the st/mu/ator cell population. 
Thus, la alloantigens are not indispensable but they do provide the strongest primary 
induction in the initial phases of the reaction. 

In actual allograft rejection assays, Class | antigenic differences alone can lead to 
rejection of skin allografts, and at least to some tumor allografts and to the rejection of 
at least some heart grafts (Klein 1977). In man, the survival of transplanted tissue In 
non-sensitized individuals is prolonged by identity for either Class | (HLA-A, -B, —C) or 
Class Il (HLA-D) antigens but of the two types of MHC determinants, identity for Class I 
antigens has greater predictive significance for the duration of graft survival. Thus a 
matching for la antigens between donor and host appears to be more important than 
Class | matching (Thorsby et a/, 1978). 

Thus the role of Class Il antigens in the rejection phenomenon has not been 
unequivocally resolved. The results of MLR and GVHR assays suggest that Class Il 
differences are very potent in eliciting proliferative responses and Class | antigens are 
relatively weak in this regard (Klein and Park, 1974) but allograft rejection assays indicate 
that grafts differing at Class | loci are rejected rapidly. Thus an essential role for Class || 
antigens may be circumspect, but their role in maximizing this response cannot be 
ignored. Therefore one may attribute the lack of strong cell-mediated anti- fetal 
reactions during pregnancy to the absence of Class Il determinants. A parallel to this may 


be seen in other tissues. Murine thyroid follicle cells and pancreatic epithelial cells 
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express modest levels of Class | antigens, but not la antigens and these paranchymal cells 
are the least immunogenic component of their respective tissues (see Head and 
Billingham, 1982). Organ allografts, when depleted of passenger lymphocytes (Billingham, 
1971) by either /n vitro culture or anti-lymphocyte serum treatment (Lafferty and 
Woolnough, 1977; Lacy et a/, 1979), survive for longer periods of time, presumably due 
to the depletion of la-bearing lymphocytes. This hypothetical link between the lack of 
Class Il antigens on the placenta and the lack of anti-fetal cell-mediated immunity, may 
not be tenous, especially if Class | antigens are expressed on the placenta in low 
concentrations in which case a lack of potent helper determinants may determine 
whether or not maternal immunocompetent cells are induced to proliferate. This 
configuration of alloantigens on the placenta may direct the maternal response to a 
humoral rather than a cellular type and furthermore may shift the balance of the humoral 
immune response in favor of an enhancing rather than a cytotoxic type. Antigen shed 
directly by the trophoblast or associated with trophoblastic deportation may be 
significant here. The exposure to alloantigenic material by the intravenous route favors 
the production of enhancing rather than cytotoxic antibodies. The mother is stimulated by 
what in effect is a chronic exposure primarily via the circulation, to perhaps low antigenic 
doses, and this may also result in the production of enhancing antibodies. Another 
contributor to this apparent immunodeviation seen in pregnancy could be suppressor 
cells in the fetal environment. Slapsys and Clarke (1982) and Clark et a/ (1979) have 
detected suppressor cells in the decidua and DLN of pregnant mice and these suppressor 
cells may also prevent the generation of cytotoxic cells directed at fetal antigens. 

The ultimate cause or causes of this deviation of maternal immune responses is 
still unresolved but it is clear that cellular reactivities are absent and anti—fetal humoral 
immunity is often detectable. The maternal-fetal relationship was viewed as an 
allograft/host situation as early as in 1964 (Billingham) and several workers have 
attempted to draw parallels between the two situations. However, several significant 
differences exist between pregnancy and the classical allograft situation. The hallmarks 
of ahost's response to major alloantigens on a graft include: hypertrophy of draining 
lymph nodes, production of cytotoxic antibodies, generation of sensitized T cells and the 


establishment of specific immunologic memory manifested as a heightened reactivity 
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against a similar second graft. The maternal immune response against her fetus is 
substantially different: 
(i) hypertrophy of the draining lymph nodes, though it does occur in allogeneic 
pregnancies, is not a consistently demonstrable feature: 
(ii) while cytotoxic antibodies are generated, the major alloantibody response in 
pregnancy appears to be of the enhancing type (Bell and Billington, 198 1); 
(iil) while the intrinsic reactivity of maternal lymphocytes is intact, T cells directly 
cytotoxic for paternal target cells are non-existent or very weak at the most; and, 
(iv) specific immunologic memory against paternal grafts is not observed. 
The survival of the fetus therefore may be primarily attributed to the absence of strong, 
cellular anti-fetal reactivity. However, the presence of cells sensitized to fetal antigens 
induced by experimental priming, does not compromise pregnancy (Heslop et a/, 1954; 
Lanman et a/, 1962; Wegmann et a/, 1979). The placenta therefore must be capable of 
acting as a shield against maternal cells, either by non-specific anatomic means or by 
immunologic mechanisms. ; 
The importance of the cell-mediated limb of the immune system allograft 
rejection reactions has become evident over the last two decades and there tends to be 
a generalization that antibodies mediate none of these allograft reactions. While this 
conclusion is true in skin graft reactions in mice, it does not always apply to all tissue 
grafts. Antibodies clearly mediate hyperacute renal allograft rejection in man and other 
species, they are often found in chronically rejecting grafts and they also cause the 
rejection of lymphoid grafts in mice (reviewed by Loveland and McKenzie, 1982). Under 
certain circumstances, antibodies alone can produce skin graft rejection in mice when an 
extraneous source of complement is provided (Winn et a/, 1973). Obviously, antibodies 
elicited during pregnancy do not harm the fetus. In the experiments described in this 
thesis and previously by Wegmann et a/ (1977, 1979) cytotoxic antibodies having /n 
vitro and in vivo capabilities were injected into maternal circulation; and fetuses were 
delivered with apparently normal characteristics. Furthermore, the anti-paternal H-2 
antibodies used in these studies are of the IgG, subclass and are therefore capable of 
transplacental passage, so some form of size dependent sequesteration of these 


antibodies by the placenta fails to explain the lack of harm to the fetus. A conjecture that 
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has been reiterated several times in the past (Swinburne, 1970: Billington, 1976; 
Billington and Jenkinson, 1975) and for which sufficient evidence was not available until 
now, is that the placenta may serve as a specific antibody sponge by binding anti-fetal 
antibodies. The placenta would have to be a “specific” immunoabsorbent in excluding 
potentially deleterious antibodies, because the fetus, at least in mice and humans, depends 
on maternal transfer of antibodies essential for defending itself against infections. This 
type of protection would almost be necessary (Billington, 1976) if there were effective 
complement levels in the fetus, since it would appear that the density of 
histocompatibility antigens on most fetal tissues are sufficient for immune attack (Edidin, 
1972). The results dsescribed in this thesis provide evidence for the idea that the 
placenta serves as a paternal strain antigen immunoabsorbent. The differential absorption 
of anti-H-2 antibodies by target and control placentas continues up to 72 hours after 
the injection of the antibody and the levels of antibody in target fetuses is consistently 
lower than that in the control fetuses up to 72 hours at least, after which the antibodies 
are Bresamanlé degraded anyway. Since one would expect an increasing maternal immune 
response to the fetus as pregnancy proceeds, it is interesting that the immunoabsorptive 
Capacity of the placenta increases on a per gram basis, thus even more so for the intact 
placenta, because the placenta also increases in weight throughout gestation. In the past 
others have shown that where a fetus possesses an antigen to a maternal cytotoxic 
antibody, antibody activity can be detected in the placental eluate but not in the neonatal 
serum and conversely where the fetus lacks an antigen to maternal antibodies, antibody is 
not found in the eluate but is found in the neonatal serum. This does not, however, prove 
that the placenta is an immunoabsorbent, because one could argue that the absence of 
anti-paternal strain antibodies in the fetal circulation could simply indicate that they are 
absorbed elsewhere in the fetus. The current experiments therefore appear to be the 
first to clearly indicate a specific immunoabsorbent shielding role for the placenta 
(Raghupathy et a/, 198 1). 

Similar shielding mechanisms may be operative in human pregnancy. Even if the 
human trophoblast is devoid of paternally—derived fetal antigens, stromal cells in the 
chorionic villi do express HLA antigens and anti-fetal antibodies may be absorbed by this 


cell layer. It has been suggested that on rare occasions HLA antibodies may overflow the 
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absorptive capacity of the placenta and cross into the fetal circulation, possibly causing 
fetal disorders such as neonatal thrombocytopenia (Jeannet et a/, 1977). There is no 
evidence for this possibility as yet. It is also likely that the occurence of erythroblastosis 
fetalis caused by anti-Rh antibodies attacking a Rh positive fetus, may be attributed to a 
lack of Rh antigenic determinants on the placenta as a result of which anti-Rh antibodies 
would have unimpeded access into the fetus. 

As the placenta is involved in absorbing anti-fetal antibodies from maternal blood, 
it is surprising that these antibodies do not mediate a substantial attack on the placenta 
itself. Billington (1979) suggests that some unique immunological properties of the 
trophoblast may contrive to avert the anticipated rejection reactions. Various mechanisms 
have been postulated to be effective in protecting the placenta from maternal antibodies. 
The placenta has been suggested to be covered by a sialomucoprotein layer which may 
impede the effector limb of the imune response arc (Taylor et a/, 1979). This fibrinoid 
layer is not a universal occurence hence a protective role for this protein has yet to be 
firmly established. Blocking antibodies may protect the placenta from sensitized lymphoid 
cells of the mother (Rocklin et a/, 1976). Other postulated mechanisms include low 
antigen density, rapid shedding of antigens and antigenic modulation by antibodies 
(Billington, 1979). and rapid, efficient repair processes to promote recovery (Jenkinson 
and Billington, 1974). The abovementioned mechanisms may ensure the survival of the 
fetus and of the placenta despite the presence of potentially detrimental maternal 
anti-fetal antibodies. Thus fetal survival would be ensured by the immunoabsorbent 
capabilities of the placental and placental escape from antibody mediated damage may be 
ensured by any of the immunological evasive tactics described above. 

In summary, cells in the murine placenta express paternal histocompatibility 
antigens and thus serve as a specific filter barring the transplacental passage of harmful 
maternal antibodies to the fetus. Where do the immunoabsorbent cells in the placenta 
originate from? It has been suggested that fetal lymphoid cells could migrate to the 
placenta where they might provide the placenta with its immunoabsorptive Capacity 
(Swinburne, 1970). On the other hand, the placenta may synthesize its own antigens per 
se. In order to determine whether the placental immunoabsorptive capacity for anti—fetal 


antibodies is indeed dependent on fetal circulation, we estimated the absorptive capacity 
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of the placentas after the fetuses had been removed on day 11 of gestation. The amount 
of antibody uptake per gram placenta did not change, when assessed 2, 4 and 6 days 
after fetectomy. This indicates that elements from fetal blood do not participate in the 
placental immunoabsorbent function. After fetectomy, the placenta was found not to 
increase substantially in size and the increase in weight of the placenta on day 17 is at 
most two-fold. However, the absorptive capacity per gram placenta, i.e, the density of 
paternal H-2K antigens per gram placenta undergoes its normal increase per gram, 
despite fetectomy. Hence, the placenta is capable of synthesizing its own 
paternally—derived H-2 antigens indicating that a regular influx of fetal lymphoid cells, 
from the fetus to the placenta is not required for the placenta’s immunoabsorptive 
function, at least after day 11 of gestation. These studies do not rule out the possibility 
that fetal cells could have migrated to the placenta before day 11, where they could have 
proliferated to form a layer of cells absorbing anti-fetal H-2K antibodies from maternal 
circulation. These findings also provide some insight into the type of cell that may be 
involved in antibody binding. 

Davies and Glasser (1965) performed extensive studies to observe the 
histological changes in the placenta as a result of fetectomy. The principal changes 
occuring 4 to 6 days post-fetectomy include, total degeneration of fetal mesenchyme, 
with the possible exception of cells in the endodermal sinuses, and a lack of increase of 
the labyrinthine trophoblast which accounted for minute portion of the total placenta at 
the end of gestation. However, the spongiotrophoblast area increased in area until at the 
time of parturition, it formed the bulk of the residual placental mass. These observations 
correlate very well with the idea that the spongiotrophoblast cells are involved in 
absorbing maternal anti-fetal antibodies. The results of the fetectomy studies indicate 
that the density of paternal H-2 antigens per gram fetectomized placenta increases in a 
manner identical to a normal placenta, suggesting that a substantial proportion of the 
labeling must be taking place in the spongy area, because fetectomy is accompanied by 
an involution of fetal mesenchyme and the labyrinthine regions accompanies fetectomy 
(Davies and Glasser, 1965). 

These observations led us to address the question concerning the precise 


location of paternal antigen—bearing cells in the placenta We used the /n v/vo model and 
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an autoradiographic technique to identify placental cells that bear paternal H-2 antigens. 
5|—labeled anti-H-2Kk and antibody intrinsically labeled with *H—-leucine used as tracer 
reagents were injected into the circulation of pregnant female mice and the binding of 
antibody examined by autoradiography at various intervals thereafter. This is a definite 
improvement over other /n vitro approaches, because antigen—bearing cells that are 
physiologically relevant would be discernible by this /n vivo technique. Control placentas 
showed no antibody binding whatsoever. Target placentas exhibited binding principally in 
two areas. The most intense binding was seen in the endodermal sinuses; many of the 
labeled cells appeared to be esterase positive macrophage-like cells and are probably of 
fetal origin as they are found on the fetal side of the Reichert's membrane. The second 
major area of antibody binding occured in the spongiotrophoblast region and the 
radiolabel was observed on trophoblast cells in direct contact with maternal circulation. 
The density of paternal antigens on spongiotrophoblast cells appeared to be considerably 
lower than that seen on cells in the endodermal sinuses, based on the density of the label 
per cell in these two areas. The labyrinthine trophoblast cells and the trophoblast giant 
cells showed no labeling with anti-paternal H-2 antibody. Thus there are at least two 
barriers to the passage of potentially harmful maternal antibodies in the mouse placenta: 
one in the spongy zone where maternal blood bathes spongiotrophoblast celis, and 
another, composed perhaps of specialized immunoprotective cells, in the endodermal 
sinuses, a region of antibody transport activity. By virtue of its H-2 antigen expression, 
the spongiotrophoblast could contribute to the immunoabsorptive capability of the 
placenta without compromising the transport processes of the placenta, because it lacks 
a fetal blood supply hence may not be directly involved (Jenkinson and Owen, 1980). The 
labyrinthine trophoblast region which consists of fetal blood vessels and mesenchyme 
covered by trophoblast, is devoid of paternal H-2 antigens. Similar results have been 
reported by Jenkinson and Owen (1980) who studied the expression of H-2 antigens on 
cultured cells taken from the spongy zone and from the labyrinthine region of the 
placenta. They found that cells selected from the spongy zone and not the labyrinthine 
trophoblast express paternal H-2 antigens. 

Thus paternal antigens are expressed at the maternal-—fetal interface on 


trophoblast cells, in contact with maternal decidua! cells. Hence spongiotrophoblast cells 
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may influence maternal immune responses, by promoting the formation of enhancing 
antibodies. The paternal antigen—bearing macrophage-like cells in the endodermal sinuses 
may function as scavengers by interiorizing antigen-antibody complexes and may thus 
serve to eliminate antibodies absorbed by the placenta. Indirect immunofluorescence 
studies using specific antibodies have helped identify macrophages associated with 
murine placenta and yolk sac (Wood, 1980). Their location labels them as being of fetal 
origin and they may derive from primitive mesenchymal cells (Wood, 1980) and 
furthermore, may be similar to the wandering macrophage-like cells seen in the 
endodermal sinuses. These cells are interposed between the yolk sac cells and fetal 
blood channels, and may serve as immunoabsorbent cells as well. Thus different 
functions of the placenta may be localized in different anatomical regions (Jenkinson and 
Owen, 1980). 

Chatter jee—Hasrouni and Lala (1982) have reported findings that differ 
substantially from those described in this thesis and those of Jenkinson and Owen (1980). 
They injected }*5|-labeled anti-H—-2K antibodies into the placental branches of the uterine 
artery and obtained placentas 15 minutes later. Autoradiography studies apparently 
revealed that the labyrinthine trophoblast cells were labeled, while the cells in the spongy 
zone were not. These results signify a significant departure from our results. The 
differences in labeling may be reconciled by the fact that the placentas were exposed to 
antibody for a very short time, which may be inadequate for proper binding of antibody. 

In a summary of the results discussed above, we may conclude that paternally 
derived Class | molecules are expressed on spongiotrophoblast cells and on some 
macrophage-like cells in the lateral aspects of the placenta, and that these antigens serve 
to bind anti-paternal antibodies from maternal circulation thereby preventing their access 
to the fetus. 

We then addressed the question concerning the ability of the placenta to avoid 
saturation by maternal antibodies; pregnant females may produce anti—fetal antibodies 
throughout the latter stages of pregnancy and a continuous process of turnover and 
re-expression of paternal MHC antigenic determinants would be one way of preventing a 
complete saturation of all the determinants on the placenta, which could result in a 


leakage of antibodies into fetal circulation. The binding pattern of antibody over time 
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after a pulse of radiolabeled anti-H-2K antibody, indicated that there was an initial rise 
followed by a fall of antibody binding in the target placenta (Figure 5); this suggests that 
the antibody was being turned over, either by digestion /n situ or by release from the 
placenta, perhaps as antigen-antibody complexes. We have tried to address this issue by 
determining whether paternal H-2K antigens in the placenta could be re—expressed after 
they are bound by antibodies. We first determined the dose of unlabeled anti-H-2Kk 
monoclonal antibody which would cause 75% inhibition of the binding of radiolabeled 
antibody in the placenta, when measured six hours after injection. This was accomplished 
by injecting increasing amounts of unlabeled antibody along with a single dose of the 
radiolabeled antibody. The 75% inhibitory dose of unlabeled antibody was then added at 
various time points prior to the administration of a single dose of radiolabeled antibody, 
the latter always administered on day 17 of gestation. Using this approach, the turnover 
phenomenon was confirmed, and a maximal estimate was obtained for the rate of 
antibody turnover. We found that it took 48 hours to restore the placental 
immunoabsorptive capacity to normal after the addition of unlabeled antibody. This is a 
maximal estimate of the turnover period, because a give antigenic site on the placenta 
could have been replaced a number of times during those 48 hours. Thus while the actua/ 
turnover period for an antibody molecule bound to the placenta is expected to be less 
than 48 hours, the fact that the antigenic capacity of the placenta is re-expressed after 
having been bound by antibodies is beyond doubt. 

This capability of the placenta to re-express its antigens is an essential criterion 
for it to serve as an efficient immunoabsorbent barrier. A logical question that follows 
the previous observation concerns the fate of the antibody; is the disappearance of the 
antibody from the placenta due to an /n s/tu digestion process, or is the antibody released 
along with antigen as complexes, into the maternal circulation? We have followed the fate 
of radiolabeled anti-H-2K antibodies in target and control placentas that have absorbed 
these antibodies /n vivo. The appearance of radiolabel associated with fragments smaller 
than intact IgG, within placental cells indicated the presence of IgG degradation products. 
Degradation products of the anti-H-2 antibody were seen in the cytoplasm of 
antigen-bearing placental cells one hour after the administration of antibody, whereas no 


degraded products were detectable in the control (non antigen—bearing) placental cells 
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until 6 hours after the administration of antibody. Obviously the placenta is capable of 
ingesting antibodies that are bound by their Fiab), portion and then digesting these 
immunoglobulins into smaller fragments. S-200 chromatography performed on 
cytoplasmic extracts made from target placentas showed that the digestion of the 
ingested antibody continued after the first hour, giving rise to smaller fragments. The 
nature of these fragments is not known. Some degradation of antibodies was seen in the 
control placentas 6 hours after the injection of the antibody. Presumably, a proportion of 
the IgG that is bound by Fc receptors in the placenta, are ingested and broken down 
gradually. Williams et a/ (1971) studied the fate of rat IgG absorbed by rat visceral yolk 
sac cells and found that a portion of the radiolabeled IgG was rapidly degraded. Similarly, 
a proportion of the antibodies bound by Fe receptors in the placenta, may be degraded, 
while another portion of the antibodies may be transported across the cell. Wild (1979) 
suggests that Fc receptors on the human trophoblast cell surface bind the Fe portion of 
the IgG which then become associated with coated vesicles and transported across the 
cell in these vesicles. The IgG in these coated vesicles are segregated from other 
proteins that are destined for proteolysis within phagolysosomes. However, if an 
antibody binds to the cell by its Fab portions then these antibodies are presumably 
ingested into phagosomes which fuse with lysosomes after which the ingested proteins 
are enzymically digested (Wild, 1979). A similar mechanism may be envisaged for the 
murine placenta, where antibodies bound by their Fc end are protected and transported 
across, while antibodies bound by their F(ab), end are unprotected and are degraded. The 
fate of anti-H-2 antibody in the placenta would therefore depend on its orientation on 
the cell surface; if the antibody is bound by its F(ab), end, then the antibody would be 
wrongly oriented for transportation and would be degraded. 

The ability of the placenta to degrade absorbed antibodies was compared with 
that of the liver of F, hybrid adults bearing the target H-2K antigens. Column 
chromatographic studies showed that the pattern and kinetics of antibody breakdown in 
these two tissues are different. These differences may be explained in two ways. The 
enzymic repertoires in the two tissues may be different, the placenta being a unique 
tissue, may be endowed with specialized proteases that may cleave proteins ina 


different manner. A more likely explanation is that the enzymes in both tissues are 
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identical, but may be present in different concentrations. Then the ability of the placenta 
to degrade antibodies faster, may be attributed to a higher concentration of enzymes 
involved in immunoglobulin degradation. This problem has not yet been resolved. 

IgG breakdown products make their appearance in the serum of target 
pregnancies 3 hours before such breakdown products are seen in the serum of control 
pregnancies. This suggests that the degraded products seen in the serum of allogeneic 
pregnancies may originate from the allogeneic antigen—bearing conceptuses. It is highly 
likely that these breakdown products originate from target antigen—bearing placentas and 
not from the fetuses because it is clear that the placenta absorbs anti—fetal anntibodies 
from maternal circulation thus blocking the access of these antibodies into the fetus. 

It is interesting that no evidence of antigen-antibody complexes was found in the 
serum. This does not entirely exclude the possibility of antibodies being released as 
complexes, because these antigen-antibody complexes may be sequestered soon after 
their release by phagocytes in the placenta, capable of binding antigen-antibody 
complexes. 

We may conclude therefore that the primary fate of anti-H—2 antibodies 
absorbed by the placenta /n vivo, is that of internalization and the subsequent digestion 
into fragments. A proportion of the breakdown products may then be released into 
maternal circulation and it has been suggested that another portion of the degraded 


protein may be reserved for supplying the fetus with essential amino acids (Wild, 1979). 
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V. CONCLUSIONS 
Studies of allograft rejection have provided an insight into the dynamic interrelationships 
that exist between rejection reactions and facilitation mechanisms. A rejection reaction 
involves specific alloreactive cytotoxic T cells and specific cytotoxic antibodies, and a 
facilitation reaction usually consists of enhancing antibodies and suppressor cells. A 
dominance of the rejection reaction results in the facilitation reaction being surpassed 
and the allograft being rejected. Pregnancy, which has been referred to as nature’s 
successful experiment in transplantation, is a situation where strong rejection reactions 
are lacking, but the experimental induction of strong anti-fetal reactions related to MHC 
antigens of the fetus does not result in rejection of the fetus. The placenta may thus be 
considered to be a naturally allografted tissue which through evolutionary processes has 
apparently discovered ways of surviving and being accepted immunologically by the 
mother, and it has also succeeded in developing ways of protecting and nurturing the 
fetus. 

Firstly, the question of whether paternally—inherited MHC antigens are expressed 
at the maternal—fetal interface, has been conclusively answered in this thesis. 
Paternally—derived H-2K and H-2D (Class | MHC) antigens are present on 
spongiotrophoblast cells in intimate contact with maternal decidua and also bathed in 
maternal blood. I-A (Class II) antigens are not expressed, in detectable levels, in the 
placenta. A low level expression of Class | alloantigens coupled with the absence of Class 
ll antigens may explain why intensive maternal cellular reactions against the fetus are 
absent. Suppressor cells or factors in the fetal environment may also contribute to this 
lack of strong rejection reactions in the mother. On the other hand, humoral antibody 
responses against fetal antigens, are often elicited during pregnancy. The results 
elaborated in this thesis, have demonstrated that the placenta plays a crucial role in 
absorbing and thus preventing these antibodies from entering the fetus. Thus the success 
of the fetal allograft may be attributed to the immunoabsorbent capabilities of the 
placenta. 

The capacity of the placenta to absorb anti-paternal H-2 antibodies from the 
maternal circulation and to re-express its H-2 antigens has also been confirmed. Once 


maternal anti-fetal antibodies are absorbed from maternal circulation, the placenta ingests 
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and digests these antibodies and may release these digested products into the circulation. 
The net effect would be the elimination of potentially detrimental antibodies and the 
presentation once again, of antigens on the cell surface. which can continue to perform 
its role as a sponge. This would obviously ensure the efficiency of the placental 
immunoabsorbent barrier. 

The question of immunoregulation during pregnancy remain unresolved, because 
one can prime pregnant females against their allogeneic fetus and yet pregnancy is not 
compromised (Wegmann, 1981). Thus one again returns to the opening paragraph of the 
discussion i.e., pregnancy calls for some precisely coordinated physiological processes 
required for protecting the embryo from maternal immune rejection, and the unique 
immunological properties of the placenta appear to be primarily responsible for the lack 


of anticipated rejection reactions resulting from fetal-maternal histoincompatibility. 
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